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Abstract

Under the sponsorship of the Department of Energy, Office of Utility Technologies, the Battery
Analysis and Evaluation Department and the Photovoltaic System Assistance Center of Sandia
National Laboratories (SNL) initiated a U.S. industry-wide PV Energy Storage System Survey.
Arizona State University (ASU) was contracted by SNL in June 1995 to conduct the survey. The
survey included three separate segments tailored to: a) PV system integrators, b) battery
manufacturers, and c) PV charge controller manufacturers.

The overall purpose of the survey was to: a) quantify the market for batteries shipped with (or
for) PV systems in 1995, b) quantify the PV market segments by battery type and application for
PV batteries, c) characterize and quantify the charge controllers used in PV systems, d)
characterize the operating environment for energy storage components in PV systems, and e)
estimate the PV battery market for the year 2000.

All three segments of the survey were mailed in January 1996. This report (discusses the purpose,
methodology, results, and conclusions of the survey.
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Section ES
EXECUTIVE SUMMARY

INTRODUCTION

Jn June 1995, the Battery Analysis and Evaluation Department and the Photovoltaic System Assistance
Center of Sandia National Laboratories (SNL), initiated and sponsored a U.S. industry-wide PV Energy
Storage System Survey. The Office of Utility Technology, Department of Energy, fimded the project.
Arizona State University (ASU) was contracted by SNL to conduct the survey. The survey included three
separate segments tailored to the following groups:

A. PV system integrators
B. PV charge controller manufiwturers
C. Battery manufiwturers

The overall purpose of the survey was to:

1. quanti& the market for batteries shipped with (or for) PV systems in 1995,
2. quantfi the PV market segments by battery type and application for PV batteries,
3. c&wacterize and quantifj the charge controllers used in PV systenL
4. characterize the operating environment for energy storage components in IPVsystems and
5. estimate the PV battery market for the year 2000.

In January 1996 Survey A was sent to PV System Integrators (11 large and 18 small); Survey B was sent
to 10 Battery manufacturers; Survey C was sent to 10 Charge Controller manufiwturers.

Responses to the three surveys were:

Survey A Large System Integrators 8 responses from 11 inquiries (73%)
Small System Integrators 13 responses from 18 inquiries (72%)

Survey B Battery Manufacturers 9 responses from 10 inquiries (90%)
Survey C Charge Controller N@g. 8 responses from 10 inquiries (80%)

Responses for each survey (~ B, and C) were consolidated and highlights are presented below.

SURVEY A, SYSTEM INTEGRATORS

Survey A was segmented into four parts: 1) Battery Sales Da@ 2) Battery Information Needed For PV
System Desi~ 3) PV System Operating Conditions, and 4) Hybrid System Issues.

1122197 2:22 PM FXSUM.DOC ES-1



Part 1. Battery Sales Data.

TOP-DOW Market Analysis

The majority of results presented in Part 1 are based solely on summary results from the 21 System
Integrators that responded to the survey. These summary results are, to a large extent representative of the
worldwide market and therefore can be extrapolated. However, the summary results do not provide a
means to estimate toti PV battery sales for either the U.S. market or the worldwide market. In order to
put the data from Part 1 in perspective, a Top-Down Market Analysis was developed to quanti& the
volume of batteries installed in PV systems. The top down analysis is based on an industry consensus

rule of thumb which states that for a typical PV system the equivalent of one 12V-1OOamp-hour battery is
used for each 50 watts (peak) of PV modules installed. Since the number of PV watts shipped each year
(both U.S. and worldwide) is well known and published by recognized PV marketing expertd, it is a
straight fonvard process to estimate the total number of batteries installed in PV systems each year. Key
conclusions from this analysis for 1995 are:

4 Worldwide sales of PV batteries = 2,961,0Q0 kWh.
‘ Worldwide wholesale value for PV batteries shipped in 1995 was $302 million.

● Worldwide total installed capacity of PV batteries = 10,519,000 kwh
4 U.S. sales of PV batteries in 1995 = 340,515 kWh
* U.S. sales of PV batteries in 1995 = $34.7 milhon
* the 21 System Integrators supplied about 14 percent of the U.S. PV battery market (in terms of

dollar sales

The approximations which went into these calculations limit the accuracy to about@ 25 percent.

&ImrnarYOf Results From The 21 Sm+temIntegrators

AUbattery sales reported were for lead-acid batteries (there were no nickel-cadmium batteries reported).
The total cost of batteries purchased by the 21 System Integrators in 1995 was $4.8 million at a unit
volume of 26,308. A ‘Iopdown” market analysis showed the total worldwide PV battery shipments in
1995 to be approximately $302 milfion and 2,961 MWh. This is equivalent to about 2 million 12V-1OO
AH batteries. The U.S. share of this market was approximately 11.5 percent or 34.7 million dollars
(340,515 kWh). The 21 System Integrators supplied about 14 percent of the 1995 U.S. PV battery market
in terms of wholesale dollars and about 13.6 percent of the worldwide kWh sales. One conclusion that may

be drawn from the analysis is that many U.S. end users buy their PV batteries directly from a battery
supplier and not from a system integrator.

Seventy-one percent of the dollars were spent on valve-regulated batteries, and valve-regulated batteries
cost 88 percent more than flooded-vented batteries per klk’h ($128/kWh Vs $68/kWh). The use of valve
regulated batteries increased by 145 percent from 1991 to 1995, while the use of flooded-vented batteries
increased by 117 percent in units, but decreased by about 25 percent in dollars.

lbased on averagesof data from conversationswith Bob Johnson of StrategiesUnlimited (May 1996),and Paul
Maycockof PV News, February 1996. Johnson and Maycockare two of the leading PV industry expertswho
have provided technologyand market reports (iicludmg historical and forecastedPV sales data) for about two
decades.
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The eight Large System Integrators sold 78 percent of the total units (Large plus Small Integrators) and

captured 88 percent of the total dollars (Large plus Small Integrators). Small System Integrators sold 16

percent of the valve-regulated units and 33 percent of the flooded-vented units.

The primary applications for valve-regulated lead-acid (VRLA) batteries were telmmnnunications (40
0/02),telemetry (130/0),and lighting (90/0). Approximately 85 percent of all batteries reported in the
categories of telecommunications, telemetry, and lighting used VRLA batteries. Thirty percent of ~
flooded-vented batteries were used in hybrid systems (as opposed to 89 percent of all hybrid applications
used flooded-vented batteries), 31 percent in telecommunications, and 17 percent in remote homes. The
preference for VRLA batteries or flooded-vented batteries depended to a large extent on the market segment
that the battery serves.

Valve-regulated batteries are heavily skewed toward 12 V modules (60Yo); 35 percent were 6 V modules,
and only 5 percent were 2 V cells. Flooded batteries were skewed toward 2 V cells (450/o); 42 percent
were 6 V modules, and 12 percent were 12 V modules.

In terms of amp-hour size, valve-regulated batteries were grouped in the 100-400 AH bin for 6 V modules
and the 0-200 AH bin for the 12 V modules. Flooded batteries were more broadly distributed in the 600-
3,000 AH range at 2 V, 200-400 AH at 6 V, and 1400-1800 AH at 12.

Part 2. Battery Information Needed For PV System Design

This part of the smvey asked Integrators what information they needed from the battery manufacturer in
order to properly design PV systems with optimum performance and minimum life-cycle cost. Integrators
ranked 29 parameters in terms of importance (l=Essential, 2=Usefid, 3=Not Important). The first 20
parameters were ranked betxveen1.0 and 2.0 (averages for all 21 Integrators). The parameter ranked most
important was “cost”.

Part 3. PV System Operating Conditions

Part 3 proiiles the Integrators’ application of PV hardware, their approach to PV system desi~ and the
environment into which PV systems are placed.

Integrators reported that 80 percent of their charge controllers use an ON-OFF algorithm. The ON-OFF
algorithm is by fir the most difficult charge management algorithm for which to define voltage set points;
battery marmfacturers rarely, ifever, speci& voltage set points for ON-OFF algorithms. This difiiculiy
was emphasized by a battery manufacturer

...Listen to the battery industry when we tell you that we need constant voltage regulators, higher
end voltage limits, and higher limits for low voltage disconnects.

About 60 percent of integrator respondents use temperature compensated voltage regulators in their charge
controller systems. By compariso~ 88 percent of charge controller respondents felt that temperature
compensation was either vital or important.

2i.e., the percentage of kWh for all valve-regulatedbatteries.
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Integrators reported that they get about 78 percent of the advertised battery cycle l&e, regardless of whether
they were of the Floode& Absorbed Glass Mat or Gel technology.

Part 4. Hybrid System Issues

Hybrid systems are stand-alone systems with two or more types of power generating sources, one of which
is photovoltaics. The purpose of Part 4 was to identi~ unique characteristics and requirements of hybrid
systems.

Forty-eight percent of the Small Integrators’ business was hybrid systems, compared to 16 percent for
Large Integrators. This may be due to the fhct that Small Integrators provide many PV systems for remote
homes, which often use a backup generator.

The majority (52Yo) of hybrid systems batteries are flooded-vented lead-acid with antimony additive to the
plates, None of the Integrators used flooded-vented batteries with calcium additive to the plates. Forty-
eight percent of the batteries were VRLA.

SURVEY B. BATTERY MANUFACTURER SURVEY

This survey was designed to a) collect information regarding contacts and products that would be of
interest to the PV industry and b) to determine what irdiormationthat battery manufiwturers needed fkom
the PV industry. Nine of the ten battery manufacturers that received the three page questionnaire
responded.

None of the nine respondents indicated that they had an “Application Guide for PV Customers” available at
the time that the survey was submitted. However, four indicated that they will have an application guide
available by the end of 1996.

SURVEY C. CHARGE CONTROLLER MANUFACTURERS

Two of the eight r&pondents had about 55 percent of the U.S. unit and dollar volume in 1995. On the
other end of the scale, two manuticturers had less than 2 percent of the market. A 203 percent growth rate
in unit volume was projected for 1996 by the respondents.

Manufacturers answered with one YES and seven NOS to the question “Do you receive adequate
ini?ormationfrom battery manuticturers regarding the performance of batteries in PV Systems?”

GENERAL CONCLUSIONS AND RECOMMENDATIONS

The Survey

This survey provides: a) quantification and charactetition of batteties and charge controllers used in PV
systems, b) characterization of the operating environment in which batteries and charge controllers are
usei+ and c) f~back from PV System Integrators, battery mrumfimturers, and charge controller
manufacturers defining what Mommtion each needs to optimize PV energy storage systems.

1122197 2:22 PM EX-SUM.DOC ES-4



Sandia National Laboratories Assistance

Survey respondents identified areas of f~us by eaeh of the three industries (IW System Integrators, Battery
Manufimturers, and Charge Controller Manufacturers) in which they would like Sandia National
Laboratories’ (SNL) assistance. The high priority areas identified were: a) assist in the development of
application guides or notes, b) assist in the characterization of batteries for PV data sheet values, c) provide
technieal liaison between the PV and battery industries an~ d) perform surveys to define the market.

Information Exchange

This Final Report will serve as an information exchange tool between the three elements of PV energy
storage systems: PV System Integrators, battery manufacturers, and charge controller manufacturers.
Names, companies, and phonelfhx numbers identified in this report will allow dinxt communications
between key participants in each of the three industries.

Survey respondents indicated anon-going need for data collection and dissemination. Information
exchange and i.n.f?orrnationdissemination is most effeetive when done on a regular basis. There is a
signiikant benefit to SNL continue to serve as the fml point for PV Energy System idormation and
generation eollectiow and distribution by: a) expanding the contact list developed herein to all interested
individuals, i.e., the LIST, b) creating an internet web site for easy access to existing battery storage
information and as a means for industry to ask questions and contribute inlionnatio% c) distribute a
quarterly “news letter” of summary information to the LIST via e-mail, and d) distributing an annual

report via e-mail to the LIST plus a hard copy to the Department of Energy and oltherselected individuals.

Responses to draft review copies of portions of the final report have been very positive. For example,
Stephen Vechy, Photovoltaic Sales and Marketing Manager for GNB (the battery manufiwtorer respondent
in this survey with the largest market share) sai~ “...the PV Survey [that] we have been working on is
considered a very valuable tool for us at GNB. I do not lmow of any other medium that ean provide the
level of detail on the PV battery market.”

1[22[97 222PM EX-SUM.DOC ES-5

—..——. —



Section 1

INTRODUCTION

BACKGROUND

In June 1995, the Sandia National Laboratones (SNL) Battery Analysis and Evaluation Department and

the Photovoltaic System Assistance Center initiated and sponsored an industry-wide Photovokaic Battery
and Charge Controller Market and Applications Survey. This was an expanded version of the Photovoltaic

Industry Battery Survey, published in April 19931. Arizona State. University (ASU) was contracted by
SNL to conduct the survey. The expanded survey included three separate surveys tailored to the following
industries:

A. PV system integrators
B. PV charge controller manufacturers
C. Battery rnanufiwturers

PURPOSE

The purpose of this survey was to:

1. quantify the market for batteries shipped with (or for) PV systems in 1995,
2. quant@ the PV market segments by battery type and application for PV batteries,
3. characterize and quant.i@the charge controllers used in PV systems,
4. characterize the operating environment for energy storage components in PV systems, and
5. estimate the PV battery market for the year 2000.

SCOPE

The scope of this survey included PV Energy Storage Systems rather than ‘%attery” information.

Surveys were developed to achieve the following:

Establish estimates of U.S. sales of batteries in PV systems in 1995 and provide an estimate of sales in
the year 2000.
Provide idormation on how batteries are applied in PV systems to establish present use patterns and
expeetations.
Determine how each of the PV and Battery sub-system organizations pereeive the impact of charge
controllers on their subsystem functionality and efficiency, and on battery life expectancy.
Explore how the Charge Controller industry perceives their role within the PV tidustry and their
contributions to the management of large and small PV/Batte~ systems.
Develop a self sustaining communications link between battery manufacturers, IPSsystem
designershsers, and charge controller manufacturers.

%arnrnond R, Harringtow S., Thomas,M., “PhotovokaicIndustryBattery Survey,An Evaluation Of The
PhotovoltaicBatteryMarket 1992”,a Publicationof the PhotovoltaicDesign AssistanceC!!nter,SandiaNational
Laboratories,April 1993.
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METHODOLOGY

Three separate surveys were developed and tailored to the following industries:

A. PV system integrators
B. PV charge controller mauufiwturers
C. Battery mamd%turers

Surveys were sent to 11 large PV System Integrators, 18 small PV System Integrators, 10 Battery
manufacturers and 10 Charge Controller manufacturers (see Appendices ~ B, and C for copies of
Surveys ~ B, and C, and Append~ D for the mailing list for each survey).

Some questions in each of the three surveys (~ B, and C) asked for pricing information and/or
volume of sales. Since such inliormation is considered sensitive and proprietary, the following
statement was included in the cover letter which accompanied each survey:

All survey materials related to individual respondents will be maintained Confidential and will
not be disclosed to anyone outside of ASU (including SNL). Only the summary results for all
respondents will be disclosed.

Responses to tie three surveys were:

Survey A Large System Integrators 8 responses from11 recipients (73’%0)
Small System Integrators 13 responses 120m18 recipients (72%)

Survey B Battery Manufacturers 9 responses born 10 recipients (9070)
Survey C Charge Controller Mfg. 8 responses from 10 recipients (80%)

Totals 38 responses born 49 recipients (78%)

Responses for each survey (~ B, and C) were consolidated and summary results are presented in
Sections 2, 3, and 4 of this report. Conclusions are presented in Section 5.
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Section 2
RESULTS: SURVEY A, SYSTEM INTEGRATORS

INTRODUCTION

In January 1996a comprehensive survey was sent to 11 Large System Integrators and 18 Small System
Integrators] (see Appendix D for the mailing list). The definition of a Large versus a Small System
Integrator was subjective, but followed these guidelines:

* Large System Integrators are viewed as distributors of photovokaic (W) products andlor a minimum
of 20 percent of sales are international.

“ Small System Integrators are companies who are, in general, local dealers (i.e., serve a region of the
U.S.) of PV products.

● Large System Integrators typically have higher annual gross sales than Small System Integrators.

A mix of large and small system integrators was included in the survey to determine if make, model, type,
or size of batteries were substantially different for the two categories.

The survey

Part 1.
Part 2.
Part 3.
Part 4.

(see Appendix A) was segmented into four parts:

Battery sales data
Battery i.dormation needed for PV system design
Typical operating conditions for PV systems
Hybrid system issues

The response to the survey was good (see Appendix D, pages D-2 and D-3 for respondents), with 72
percent of the total number of recipients responding:

Large System Integrators 8 responses from 11 recipients (73°/0)

Applied Power Corporation Remote Power Co.,

Atlantic Solar Products Solar Electric Specialties

Integrated Power Corporation Southwest PV Inc.

Photoconq hlC. Sunwize Energy Systems Inc. 3

Small System Integrators 13 responses from 18 recipients (720A)

Ascension Technology Jnc. Photovoltaic Resources International

Backwoods Cabin Electric Systems Scientific Engineering , Inc.

Currin Corp. Simpler Solar Systems, Inc.

Direct Water & Power Corp. Sokir Electric, hlC.

Geosolar Solar Electric Power Co.
GSE Solar Systems Solar Outdoor Lighting Inc.
Hitney Solar Products

TOTAL 21 responses from 29 recipients (720A)

lSystemIntegrator is definedfor the purposeof this report as a companywhoseprimarybusinessis the sale ofPV
systems(as opposedto the sale of modulesor bakmce-of-~stemcomponentsales).
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PURPOSE

The primary purpose of Survey A was to:

1. quant@ the market for batteries shipped with (or for) PV systems in 1995,
2. quanti& the PV market segments by battery type and application for PV batteries,
3. and estimate the PV battery market for the year 2000.

The single most important purpose of Survey A was to document and quant@ the PV battery market.
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PART 1. BATTERY SALES DATA

Battery Shipments: Units, Dollars, and Kilowatt-hours

The 21 System Integrators who responded to the survey provided data for battery shipments in 1995,
including manufacturer, model, voltage, amp-hour rating, technology, their co% and the end-use

application. Respondents supplied most of the data requested, with the exception of end-use applications

da@ which were left blank for about 15 percent of the batteries repor@ and year 2000 projections, which
were left blank by the majority of respondents.

Battery voltage, amp-hours, technology, and cost were cross-checked against manufkturer’s literature and
wholesale price list. Data were modified (or inserted if absent) where necessary toIagree with the battery
make and model reported. This process of verification ensured complete and accurate data.

There was concern when the survey was developed that some of the smaller dealers may purchase part of
their balance-of-system hardware (e.g., batteries) from a large system house, which would result in the
same hardware being counted twice. Question 13in Survey ~ Part 3, was designed to flag this situatio% if
it existed. Responses to that question showed that all 21 respondents essentially operated independently
fkom each other and that little, if any, “double counting” existed.

Tables 2-1,2-2 and 2-3, plus Charts 2-1 through 2-8, provide a summary of data collected in Part 1 fkom
all 21 system integrators. The number of batteries shipped in 1995 are shown by technology (i.e., valve-
regulated4 or flooded-vented5)and battery manufiwturer. Costs ($) shown are the price that the system
house paid for the batteries (i.e., wholesale), not the cost to the end user (i.e., retail; about 20-60 percent
higher than wholesale). Kilowatt-hours and $/kWh are also shown by manufacturer and technology.

The total cost of batteries purchased in 1995 by the 21 system integrators was approximately $4.8
million (see Table 2-3). The total volume (i.e., unk$) of batteries was 26,308. Valve-regulated lead-acid
(VRLA) batteries dominated the market with 64 percent of total units shipped (36 percent were flooded-
vented)(Chart 2-l); 71 percent of dollar sales were for VRLA batteries vs. 29 percent for flooded-vented
batteries (Chart 2-2).

There were no reported shipments of nickel-cadmium batteries (all were lead-acid batteries).

%WOlarge systemintegratorssuppliedall informationexceptpricing, indicatingthat companypolicyprohibited
them from including pricing. Pricing for batteriesreportedby these two companieswas estimatedat 60 percent of
the retail costprovidedby the batterymanutkturer.
3Question1. What percentageofyourbalanceof systemis providedby another systemsintegrator?
4Valve-regulatedbattey. Oftencalledvalve-regulatedlead-acidbatteries (VIUA), these batteriesare “sealed”
(Le.,they have a spring tensionedself-sealingvalve)and are designedfor internal recombinationof hydrogenand
oxygen. Thesebatteries cau typicaUybe operatedin any positionsincethe electrolytecannot spill. VRLAbatteries
include AGMand GEL technologies:

a) AGMbatteries use an absorbentglass mat (AGM)to immobilizethe electrolyte. Thk technologyis also
called “starvedelectrolyte”. Typicalband namesthat use this technologyare GNB,C’oncordeand Power Sonic.
b) GELbatteries immobilizethe electrolytein a thixotropicgel. Typicalbrand names that use this technology
are Johnson Control, Deb Sonnensche@and Exide.

%looded-ventedbattery: A batterywith an electrolytethat flowsii-eelywithin each cell.
‘%nk A unit battery is detinedas one or more cells in a commoncase (not necessarilya monolithic case),which
is assigned a part numberby the manufacturer. For example,the GNB3-1OOA33is countedas one unit which
consists of three cells in series this moduleis ratedat 6 volts, 2130 AH and weighs920 pounds.
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TABLE 2-1 VALVE-REGU25LATED BATTERIES [a]

MANUFACTURER

GNB

DEKA

JCI

CONCORD

ISONNENSCEIN

#of units % of #~ $ (Wholesale) ?’0of $! kWh Y’o-kWh $/k.

3,901 23’%0 $2,240,352 66’%0I14,234 54’%0 $157

6,827 41’70 $645,285 19% 6,746 25’%, $96

2,704 16% $245,191 7% 3,073 12% $80

1,737 10% $156,226 5% 1,661 6% $94

1,223 7% $73,846 2% 459 2’%0 $161

177 l% $15,670 o?? 98 0’%0 $160

277 2’%0 $14,212 0% 253 1% $56

16.846 Ioovo $3.390,782 100% 26.524 100% $128

TABLE 2-2 FLOODED-VENTED BATTERIES (al

MANUFACTURER

CEAC (France) [1]

C&D

TROJAN
GNB

~E

EXIDE

EAST PENN

US BAT

PACIFIC CHLORIDE

Mrsc

. .

1995

##ofunits % of# $ (Wholesale) 70 of $[ kwh %-kwh $/kWl

1,843

768

2,633

182

806

1,685

628

800

37

19%

8%

28%

2%

9%

18%

7%
8%

()%

$318,703

$271,872

$173,364

$168,119

$150,904

$116,950

$80,448

$71,740

$16,810

23%

20%

13%

12%

11%

9??

6%

5%

1%

4,182

3,533

4,174

1,871

1,641

2,244

957

1,203

187

21’% $76

18% $77

21% $42

9% $90

8% $92

11% $52

5% $84

6% $60

1% $90

80 1’% $1,150 o% 20 o?? $58

TOTAL I 9,462 1OWol $1,370,060 100%I 20,012 100?? $68
— —

Note 1. CompagnifEuropeenne d’Aecumulaturs (CEAC), France, was purchased by Erode in February 1996.

TABLE 2-3 TOTALS FOR ALL BATTERIES [al

I 1995 I
TECHNOLOGY #of units ’70of# $ (Wholesale) % of S kwh ‘Y’-kWh W&VII

VAWE-REGULATED 16,846 64% $3,390,782 71% 26,524 57% $128

FLOODED-VENTED 9,462 36% $1,370,060 29?? 20,012 43% $68

TOTAL 26,308 100% $4,760,842 100% 46,536 100% $102

Note a. Prices are for battery modules only, i.e., prices do not include balance of system hardware.
A-PART1W-DA’Ill -TABLEsK15T&c

Information in Table 2-1 is displayed in Charts 2-3 (units), 2-4 (dollar shipments), and 2-5 (l&T%).While
Deka batteries dominated the number of VRLA batteries shippe~ GNB dollar shipments were nearly four
times larger than Deka. The reason for this is that the Deka batteries are generally 20 to 62 amp-hours at
12 volts vs. the GNB batteries ranging from 145 to 855 amp-hours at 12 volts. Further, many of the GNB
batteries were battery “modules’, consisting of three or six individual, extedy corme~ 2-volt cells.
Some of GNB’s single 2-volt cells were 5100 amp-hours. Kilowatt-hours shipped by rnamd%cturerare
shown in Chart 2-5
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Data for Flooded-vented batteries is plotted in Charts 2-6 (units), 2-7 (dollars) aud 2-8 (kWh). Although
more Trojan batteries were shipped than any other flooded-vented battery, the CEAC (French) battery
accounted for the most dollars and the most kWh. The majority of Trojan batteries were the T-105 (6V,
220A.H),and the CEAC batteries were primarily 2 volts at 210 AH to 2500 AH.

CHART2-6. FLOODED-VENTEDBATI’ERIES,# OFUNITSSHIPPED,1995
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Large Distributors vs. Small Distributors

Large distributors (defied on page 2-1) generally have a higher sales volume, a larger geographic
territory, and spend more time on system design. Data in Tables 2-4,2-5, and 2-6 show percentage of

units and dollars of 1995 battery sales for the eight Large System Integrators and the 13 Small System
Integrators. The Large System Integrators purchased 78 percent of the total units and 88 percent of the

total dollars. These data indicate that the Small System Integrators purchased smaller batteries (since the
unit cost is less). Data also show that the Small System Integrators use a higher ratio of flooded-vented

batteries to valve-regulated batteries than the Large System Integrators. One reason for use of more VILLA

batteries by Large System Integrators maybe because there are less restrictions for shipping VRLA
batteries than flooded-vented batteries.

1995 Survey Results vs. 1991 Survey Results

Results of the 1995 PV battery shipments are compared with the 1991 battery shipments in Tables 2-7,2-8
and 2-9 (and charts 2-9 and 2-10). Kilowatt-hours were not available for 1991 to compare with 1995.

Note that this comparison of 1995 data with 1991 data provides a coarse approximation of market grow@
since seven Large System Integrators responded in 1991 while in 1995 eight Large System Integrators and
13 Shall System Integrators responded. The 13 Small System Integrators contributed 12 percent of the
dollar sales in 1995, and it would be reasonable to assume that 13 Small System Integrators in 1991 would
have also contributed 12 percent to the dollar sales. Another area of uncertainty in this comparison is the
cost per kilowatt-hour of battwy for the two years; it could have gone up or down in 1995 relative to 1991.
With these cautions in rnin~ the following trends can be defined

+ The trend toward VRLA batteries has increased (144 percent in units and 145 percent in dollars7), with
GNB dominating the market in dollars. The number of Flooded-Vented batteries has increased by 117
percent while the dollar volume has decreased to 73 percent of the 1991 value. This decrease could be
a result of smaller batteries (kWh) and/or a lower cost per kwh.

+ A battery sales growth rate of 133 percent for units and 113 percent for dollars is considerably less
than expected. It would be expected that this growth would track stand-alone PV module sales, which
increased 145 percent (worldwide kW Saless)from 1991 to 1995. A possible reason for this was given
by one of the respondents (a Large System Integrator). PV module prices have decreased about 20
percent from 1991 to 1995, resulting in system designs with larger PV arrays and correspondingly
smaller kwh of batteries. This approach maintains the same margins of safety and reduces the total
system cost. Another System Integrator, however, has maintained the same ratio of array PV watts to
batt.eiy kwh from 1991 to 1995.

‘not adjustedfor inflation
%asedon discussionswith Bob JohnsoE StrategiesUnlimit~ May 1996

1/22/97 2:33 PM SEC-2-1 .DOC 2-7



TABLE 2-4. VALVE-REGULATED BATTERIES; LARGE VS SMALL INTEGRATORS

1
UNITs I DOLLAR VALUE, WHOLESALE

I 70 0 ‘%0Ofl I ‘YOOti Y. of
MANUFACTURER

GNE
DEKA
JCI
CONCORD
SONNENSCEIN
POWERSONIC

TOTAL LARGE Total SMALL Total TOTAL LARGE Total SMALL Total
3,901 3,649 94’MO 252 6’% $ 2,240,352 $ 2,084,300 93YOI$ 156,052 79’0
6,827 5,958 87% 869 13% $ 645,285 $ 574,230 89% $ 71,055 ll%
2%704 2,532 94% 172 6’?40$ 245,191 $ 230,165 94% $ 15,026 6%
1,737 1,707 98% 30 2% $ 156,226 $ 152,746 98% $ 3,480 2’?40
1,223 137 11’?40 1,086 89?40$ 73,846 $ 8,374 ll% $ 65,472 89%

177 37 21?A0 140 79% $ 15,670 $ 5,530 35’%0$ 10,140 65?40
MM! 277 193 70% 84 30% $ 14,212 $ 5,398 38’% $ 8>814 62’%0
TOTAL 16,846 14,213 MY. 2,633 16% $ 3,390,782 $ 3,060,743 90% $ 330,039 10%

TABLE 2-5. FLOODED-VENTED BATTERIES; LARGE VS SMALL INTEGRAT(

I
UNITs I

I ‘3/0o ‘??0o

MANUFACTURER
CEAC(France) [1]
C&D
DIE
rROJAN
GNB
EASTPENN
EXIDE
USBAT
PACIFIC CHLORIDE

TOTAL LARGE Total SMALL Total! TOTAL
1,843 1,843 100% o 0%1 $ 318,703
“768 768 100% o 0’% $
806 690 86V0 116 14% $

2,633 1,112 42?40 1,521 58’%0$
182 97 53?40 85 47’XO$
628 76 12% 552 88% $

1,685 1,635 97940 50 3% $
800 128 16% 672 84% $
37 37 10070 0 o% $

271;872
150,904
173,364
168,119
80,448

116,950
71,740
16,810

$
$
$
$
$
$
$
$

271;872
136,224
84,063

157,994
69,768

114,450
17,980
16,810

100%
90%
48%
94%
87%
98%
25%

100%

$
$
$
$
$
$
$
$

14,680
89,301
10,125
10,680
2,500

53,760
-

Ovo
11%

106?40
6’%0

15%
2%

299%
0’70

MIsc 80 0 o% 80 100% $ 1;150 $ 0 0% $ 1,150
TOTAL 9,462 6,386 67% 3,076 33’% $ 1,370,060 $ 1,187,864 87% $ 182,196 13’%

TABLE 2-6. TOTALS FOR ALL BATTERIES; LARGE VS SMALL INTEGRATORS

UNITs I DOLLAR VALUE, WHOLESALE
I ‘Y.Ofl ?40Ofl %0o % of

TECHNOLOGY TOTAL LARGE Total SMALL Total TOTAL LARGE Total SMALL Total
VALVE-REGULATED 16,846 14,213 84’% 2,633 16% $ 3,390,782 $ 3,060,743 90% $ 330,039 10%
FLOODED-VENTED 9,462 6,386 67V0 3,076 33% $ 1,370,060 $ 1,187,864 87% $ 182,196 13%
TOTAL 26,308 20,599 78’% 5,709 22V0 $ 4,760$442 $ 4,248,607 88V. s 512,235 ll%

A-PARTl\SUM-DAT\l-TABLES L VS S
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TABLE 2-7. VALVE-R

MANUFACTURER

GNB

DEKA

JCI

CONCORD

SONNENSCEIN

POWERSONIC
MLSc

XJLATED BATTERIES; 1991 VS. 1995

LINITs I RATIO I ‘=$ (Wholesale)
1991 1995 i 95//91 I 1991

5,242

1,400 6,827 488% $108,000
4,497 2,704 60% $518,530

150 1,737 1158% $12,000
350 1,223 349% $19,500
80 177 221?40 $1,600

951191

133%

597%

47%

1302%

379%

979%
o 277 $0 $14,212 -

ITOTAL I 11,719 16,846 144% $2,344,085I — $3,390,782I 145~o

TABLE 2-S. FLOODED-VENTED BATTERIES: 1991 VS. 1995

I

TROJAN
GNB

JBE

EXIDE

EASTPENN

USBAT

L
PACIFIC C.

VARTA
Mlsc

TOTAL

—-
1995.—
$2,240,352

$645,285

$245,191

$156,226

$73,846

$15,670

UNrrs RATIO I $(-wll
1991 1995 951191 I 1991

Oj 1,8431 I $0

01 768 I $0

1,658 2,633 159% $122,540
1,176 182 15% $367,465
1,052 806 77% $260,908
1,428 1,685 118’% $499,800

0 628 $0
1,200 800 67% $48,000

90 37 41V0 $30,060
1,500 0 5% $525,000

10 80 800’70 $25>000

8,114 9,462 117yo $1,878,773

TABLE 2-9. TOTALS FOR ALL BATTERIES: 1991 VS. 1995

Iesale)

— 1995

$318>703

$271,872

$173,364
$168,119

$150,904

$116,950

$80,448

$71,740

$16,810

$0
$1,150——

$1,370,060

RATIO
95//91
-

.

141V0
46%

58%

23%

149%

56%
0%
5%

73%

UNITs RATIO

‘ a

$ (Wholesale) RATIO

TECHNOLOGY 1991 1995 951191 1991 1995 951191

VALVE-REGULATED 11,719 16,846 144V0 $2,344,085 $3,390,782 145V0

FLOODED-VENTED 8,114 9,462 117’3’0 $1,878,773 $1,370,060 73%

TOTAL 19,833 26,308 133% $4,222,858 $4,760,842 113%

A-PARTltNJM-DATU-TABLES 91-95
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Application Specific Data

Each System Integrator was asked to indicate the percentage of batteries used in each of eight application
categories for each battery make and model reported. Results are shown in Tables 2-10 through 2-16 and
Charts 2-11 and 2-12. Tables 2-10 through 2-12 show actual kwh of batteries reported in each application__— -—— —

category while Tables 2-13 through 2-16 show percentage of kwh for each application category.

Cathodic protection was inadvertently left off the sumey questionnaire, but one of the 21 respondents &lded
this category. The quantity of batteries, however, was too small to warrant another category. The category

“Unknown” was added primarily for the two Large System Integrators who did not include pricing or
applications inforrnatio~ and for other integrators who did not know what the end application was. Table
2-13 shows the Unlmown category to be significant (23 pement) for VRLA batieries, but only 5 pereent for
Flooded-vented batteries.

‘Application categories: Hybri& Lighting, Telecommtimtiom less than 200 W-pa
Telecommunieatiom greater than 200 Wp, Remote Home, Telemetry, Village Power and Water Pumping
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TABLE 2-10. VALVE-REGULATED BATTERIES; kWh BY APPLICATION

MANUFACTURER RH TC< TC> TM L W H VUKN TOTALS
GNB 600 274 9,058 1,056 211 8 631 0 2,396 14,234
DEKA 806 418 43 1,759 1,026 297 0 361 2,037 6,746
JCI 420 615 0 568 554 207 0 308 400 3,073
CONCORD 6 137 12 119 156 0 72 126 1,033 1,661
SONNENSCEIN o 13 0 0 401 0 0 0 46 459
POWERSONIC 42 3 0 0 10 0 0 0 43 98
MIsc o 0 0 13 68 0 23 0 149 253
TOTAL 1,874 1,459 9,112 3,516 2,425 512 725 795 6,105 26,524

TABLE 2-11. FLOODED-VENTED BATTERIES; kWh BY APPLICATION

MANUFACTURER RH TC< TC> ~ L W H VUKN TOTALS
CEAC (France) o 170 4,012 0 0 0 0 0 0 4,182
C&D o 0 00 0 0 3,533 0 0 3,533
IBE 344 0 460 0 0 0 804 0 32 1,641
EAST PENN 487 0 220 128 0 0 116 0 6 957
TROJAN 2,442 163 132 108 326 225 66 463 250 4,174
GNB 26 0 972 0 80 75 719 0 0 1,871
EXIDE ‘ 67 0 00 0 0 0 2,157 21 2,244
US BAT 48 0 0 0 23 58 833 0 241 1,203
PACIFIC CHLORIDE o 0 0 0 0 0 0 0 187 187
MIsc 20 0 0 0 0 0 0 0 0 20
TOT- kwh 3,433 333 5,797 235 429 359 6,071 2,619 737 20,012

TABLE 2-12. TOTALS FOR ALL BATTERIES; kWh BY APPLICATION

TECHNOLOGY RH TC< TC> TM L W H VUKN TOTALS
VALVE-REGULATED 1,874 1,459 9,112 3,516 2,425 512 725 795 6,105 26,524
FLOODED-VENTED 3,433 333 5,797 235 429 359 6,071 2,619 737 20,012
TOTAL 5,307 1,792 14,909 3,752 2,854 870 6,796 3,414 6,842 46,535
A-PARTl!sUM-DAlll-TABLESkwh

H= Hybrid L = Lighting TC< = Tel~mm~~tiom less tin 200 w?-) pv
RH = RemoteHome TM= Teleme~ To= Telecommunicationsgreater than 200 W@eak)PV
UKN= unknown V= VillagePower W = WaterPumping

Forty pereent of VRLA batteries were used in Teleeornmunieations, while 29 pereent of flooded-vented
batteries were used in Teleeomnumications (Table 2-15 and Chart 2-11). Thirty-five pereent of all
batteries were used in Teleeonummieations. Flooded-vented batteries also show high usage in Remote
Home (19 percent) and Hybrid (29 percent) applications.

The percentage of batteries by technology is presented in Table 2-16 and Chart 2-12!. VRLA batteries
dominate Telecommunications, Telemetry, Lighting and Water Pumping, while Flooded-vented batteries
dominate Remote Home, Hybrid and Village Power systems.
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TABLE 2-13. VALVE-REGULATED BATTEIUES; kwh (IN VO)BY APPLICATION

MANUFACTURER I RH TC< TC> TM L W H V UKNl TOTALS

GNB 4’%0 2’?40 64% 7% 170 0’% 4% 0% 17VOI 100’%
DEKA
lJCI
CONCORD
SONNENSCEIN
POWERSONIC

12’% 6’%0 l% 26’XO 15% 4% o% 5% 30% 100%
14% 20?40 Ovo 18’Mo 18’%0 7’%0 O’MO 10?40 13V0 100%
Ovo 8’% 170 7’% 970 070 4% 8% 62% 100%
Ovo 3% 0% 0% 87% 070 o% Ovo 10?40 100%

43’?AO 3% 0% 0?40 10’XO 070 O’xo 0?40 44% 100VO
MIsc I 070 0’%0 0’?40 5% 27% 0% 9?40 0% 59% 100%
TOTAT, 7% 6% 34~o 13% 9’%0 w!. ?%. 3% 23%1 1(-)0%

TABLE 2-14. FLOOI

MANUFACTURER
CEAC (France)
C&D
B3E
EAST PENN
TROJAN
GNB
EXIDE
IUSBAT
IPACIFIC CHLORIDE

D-VENTED BATTERIES; kwh (IN VO)BY APPLICATION

RH TC< TC> TM L W H V UKNl TOTALS
0% 4’%0 96’% 070 0’% 0% O’xo 0% 0%1 100%
0’%0 0’?40 0!40 0’%0 0?40 0% 10070 o%

21% 0?40 28’?40 0’?/0 070 0% 49% 0%
51% Ovo 23’%0 13?40 0’%0 o% 12’%0 0$40
58’?40 4’7(0 370 3?40 8’% 5% 2% 11%

l% o% 52% o% 4% 470 38% 0’%
3% O’xo 0% 0’%0 0!40 070 O’xo 96’%
4’?40 0% 0’?40 0?40 2% 5’%0 69’Mo 0?40
0?40 0?40 o% 0’?40 o% o% 0% Ovo

0?40 100%
2% 100’%
1?40 100%
6% 100VO
0% 100%
1% 100’%

20’XO 100%
100% 10070

MIsc 100VO 0% 0’?40 0’%0 0% 0’%0 0% 0’?40 0’%0 100%
TOTAL, kWh 17’?ZO 2% 29’%0 1?40 2% 2% 30% 13V0 4% 100%

TABLE 2-15. TOTALS (100%) BY TECHNOLOGY; kWh (IN%)

TECHNOLOGY RH TC< TC> TM L W H VUKN TOTALS
VALVE-REGULATED 7% 6?40 34$40 13’%0 9’?40 2% 3% 3% 23% 100VO
FLOODED-VENTED 1770 2% 29% l% 2% 2% 30% 13?40 4’% 100’%0
TOTAL 1l% 4% 32’XO 870 6% 2’?40 1570 7?40 15% 100%

TABLE 2-16. TOTALS (lWYO) BY APPLICATION KWH (IN ‘%0)

TECHNOLOGY RH TC< TC> ~ L W H VUKN TOTALS
VALVE-REGULATED 35% 81% 61°A 94% 85% 59% ll% 23% 89% 57%
FLOODED-VENTED 65% 1970 39V0 6’%0 15’70 41V0 89°A 77V0 ll% 43%
TOTAL 100% 100VO 100% 100’% 100% 100’% 100!40 100% 100?40 100%
H= Hybrid L = Lighting TC< = Telemmrnti@.iom less than 200 W@ak) PV
RH = RemoteHome TM= Telemetxy TO= Telecormmmieationsgreaterthan 200 W(peak)PV
UKN= unknown V = VillagePower W = WaterPumping
A-PARTIB~-DAml-TABLESkwh

Tables 2-13 and 2-14 show the distribution of batteries by application for each battery rnanufiwturer. It is
clear from these data that the majority of batteries from each manufacturer fidl into one or two application
categories. For example, 66 percent of GNB VIUA batteries were used in Telecxmmmnications
applications. Fifty-eight percent of Trojan (Flooded-vented) batteries were used in Remote Home
applications. All of the C&D (Flooded-vented) batteries were used in Hybrid systems and all of the CEAC
batteries were used in Teleeommunieations applications.
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CHART 2-11. TOTALS (100%) BY TECHNOLOGY; kl$% (IN%)
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Distribution of Batteries by Voltage and Amp-Hour Range

Data were sorted to determine how many 2-Volt batteries were used vs. 6-Volt batteries vs. 12-Volt
batteries. Data were fiuther sorted by amp-hour rating and placed in bins defined by amp-hour range (e.g.,
0-100 AH). Instead of number of batteries, the “quantity” of batteries in eaeh bin was kWh (i.e.,

V*AH*Units)]o. This allows a direet comparison of the relative amount of le.@ acid and dollars in a bin.
These data are presented in Table 2-17 and Charts 2-13 through 2-18.

Data show that the predominate size of VKLA batteries is 12 Volts (59 pereent) amdless than 200 amp-
hours. The predominant size of Flooded-vented batteries is 2 Volts (46 pereent), mostly between 600 AH
and 3,000 AH. Flooded-vented batteries are also common in the 6 Volt size, with all grouped 200 and 400
AH. Only 12 percent of flooded-vented batteries Ml in the 12 Volt category, and one percent fell into the
24 Volt category.

A significant finding is that the single largest bin for VRLA and Flooded-vented balteries is 6,791 kWh for
VRLA batteries between 0-100 AH. ‘l%enext largest bin was 6-VoR Fhoded-vented batteries between
200-300 AH (5,197 kwh).

l~e ~nvention of “*” for m~tiplimtion ~d “/” for division is used in this document.
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TABLE 2-17. kWh BY BATTERY VOLTAGE ~ M-HO~ WTI?W ~GE)

AH FLOODED
RANGE 2 volt 6 Volt 12 volt 2 volt 6 Volt 12 volt 24 Volt

o-1oo 3 6,791 49

100-200 602 5,079 35 166

200-300 1,937 959 164 5,197 106
300-400 57 9 3,121
400-600 842 181
600-800 73 1,374 768 255
800-lK 363 646 158 30 20

lK-.1.2K 321 361 168
1.2K-1.4K 886 1,865 40
1.4K-1.6K 1,980 515 1,072
1.6K-1.8K 2,401 281 571 20
L8K-2.OK 371 292
2.OK-2.5K 3,488
2.5K-3.OK 418 1,080

3K-4K 670
4K-6K 318

6K-1OK 432

SUBTOTALS 1,406 9969 15,749 9,198 8318 2,417 80
‘/o of TOTAL 5.3’% 35.3% 59.4V0 46.0% 41.6% 12.1% 0.4’Yo

TOTALS 26324 20,012

L4=PART1LSUM-DATWOVH.XLS SUM-ALL
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CHART 2-13. VRLA, kWh BY AMP-HOUR RANGE; 2-Vdc BATTERIES
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XIART 2-14. VRLA, kWh BY AMP-HOUR RANGE; 6-Vdc BATTERIES
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CHART 2-15. VRLA, kWh BY AMP-HOUR RANGE; 12-Vdc BATTERIES
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‘HART 2.16. FT.00DED-VENTED. kWh BY AMP-HOUR RANGE: 2-Vdc BATTERIES-— —.- .-. ..— - ———. .———, . . .. –.._ ,
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CHART 2-17. FLOODED-VENTED, kwh BY AMY-HOUR RANGE; 6-Vdc BATTERIES
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XIAI?T 2-18. FLOODED-VENTED, kwh BY AMP-HOUR RANGE; 12-Vdc BATTERIES
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Top-Down Market Analysis

Introduction

The preceding text and data presented in this section (Section 2, Part 1) are based solely on summary

results from the 21 System Integrators that responded to the survey. These summary results are, to a

large extent representative of the worldwide market and therefore can be extrapolated. However, they do
not provide a means to estimate total PV battery sales for either the U.S. market cr the worldwide market.

The following Top-Down Market Analysis provides an estimate of total PV battery sales worldwide
and in the U.S. by all purchasers of PV batteries, not just system integratorsll.

To~ Down Analysis

The top down analysis is based on a rule of thumb12which provides an estimate of the number of batteries
used for each 50 watts (peak) of modules used. Since the number of PV watts shipped each year (both
U.S. and worldwide) is well known and published by recognized PV marketing experts, it is a straight
forward process to estimate the total number of batteries installed in PV systems each year.

Worldwide PV module shipments in 1995 were approximately 78 megawatts (MMl)13,with about 67 MW
being used in stand-alone applications (about 11 MW were used in grid-connected and consumer14
applications). Water pumping, a segment of the stand-alone mark~ oilen does not use batteries, so the 67
MW will be adjusted downward to 64 MW, which represents PV module sales in systems that included
batteries. As a rule of thumb, on average, one 12V-1OOAH battery (i.e., 1.2 kwh) is used for each 50
watts of PV modules.

* The total worldwide sales of PV batteries in 1995 was (64 MW150W)*L2 lkWh = 1,536,000 kWh.

Additional batteries were sold during 1995 to replace batteries that reached end-of-life in existing PV
systems. Assuming atypical battery life of 5 years and that all PV system batteries installed in 1990,
1985, and 1980 were replaeed (934,000+291,000+200,000 kw’h), then a total of 1,425,000 kwh of
batteries were replaeed in 1995.

llThe 21 SystemIntegratorsthat respondedto this smveyrepresentonly a fiwtion (14’Yo)of the U.S. PV batte~
marketand a much smallerfkactionof the worldwidePV batterymarket (1.6Yo).One reasonwhythe 21 System
Integratorshave a small shareof the total U.S. market is becausethe PV batterymarket is fragmentedwith many
end userspurchasinghorn localbatterydistributors. The enduser maybe, for example,amelectricor gas utility, a
telecommunicationscompany,the Departmentof Defense,a recreationalvehicle owner,or a remotehome owner.
l%%ewidelyacceptedrule of thumb is that for every50 watts (peak)of PV modulesused in a PV system
approximately1.2kWh ofbatteryis used (e.g.,one 12V, 100Ah battery). Tlds industry wmsensusrule of thumb
is sometimesused to estimatethe quantityofbatteriesfor a “typical”PV system. The autlhorsof this report
estimatedthat the uncertaintyof this rule is W 20 percent.
*~ased on averagesof data from conversationswith BobJohnsonof StrategiesUnlimited (May 1996),and Paul
MayeockofPV News,February1996. Johnsonand Maycockare two of the leading PV ind- expertswho have
providedtechnologyand market reports (includinghistoricaland forecastedPV sales data.)for about two decades.
14Consumerapplications: small “expendable”productssuch as solarpoweredcalculators,toys, and walk lights (<
fivewattspeak).
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The total of new-system batteries in 1995 (1,536,000 kWh) plus the replacement batteries (1,425,000
kWh) equals 2,961,000 kWh of PV system battery sales. From Table 2-3, the average cost per kWh in
1995 was $102 per kWh (wholesale).

“ The worldwide wholesale value for PV batteries shipped in 1995 was $302 million.

The approximations which went into this calculation will limit the accuracy to about ~ 25 percent so that
an appropriate range for wholesale dollar value would be $226 to $378 million.

It is estimated that about 11.5 percentls of the total 64 MW of stand-alone PV were installed in the U.S. in
1995. Therefore, total PV batte~ sales in the U.S. were 11.5Yo*2,961,000kWh or 340,515 kWh (or about
11.5Yo*$302million = $34.7 million).

+ This indicates that the 21 System Integrators control about $4.76 millionls134.7 million =14
percent of the U.S. PV battery market (in terms of dollar sales).

Using the same methodology to calculate the newly installed capacity each year (not counting replacement
batteries, it is estimated that

+ Approximately 10,519,000 kl$% of batteries are currently installed in PV systems worldwide.

Table 2-18a provides a summary of the worldwide topdown market data for 1995, while Table 2-18b
provides a similar summary for the U.S. market. Data for years 1991 and 2000 are also included in these
tables for comptison.

IsBased on estimates of 12.8percentby Paul Maycock(IWNews)and 10.6percentby Bob Johnson(Strategies
Unlimited)during telephoneconversationsNovember1, 1996.
~‘seeTable2-3 Totals For All Batteries.
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TABLE 2-18a. WORLDWIDE TOP-DOWN PV BA’lTERY MARl

I units
lWorldwide PV module shipments, stand-alone systemswith

a batteries. [Seenote 1J
50 watt @eak)of new PV module installation.

b [b=(d50)*l.2*1000]
PVReplacementbatteriesbasedon averagebatterylifeoffive

c years. [Seenote 1. See text for methodology.] Im
Total PV Batteries; new installations plus replacement

d batteriesfor the year indicated. [d=&-tc)] -

Total PV Batteries (units) based on a “typical” size battery of No.
e 1.2 kwh (e.g., 12V-100~. [e=d/(1.2*1000)] Millions

Total dollar value of PV batteries based on $102/kWh (see
f Table 2-3). [M* 102/1000] $,Million

1995,and 2000. [Seenote 1for sourceofdataand text for
g methodology.]

TotalinstalledcapacityofPVbatteriesfrom 1980to: 1991, No.
h 1995,and2000(1.2kwh “typical”size). ~=g* 1000/1.2] Millions

TotalinstalledcapacityofPVbatteriesfrom 1980to: 1991,
1995, and 2000 ($102/kWh). [i=g*102/1000]

ET ESTIMATES
1991 1995[ 2000

I
441 641 134

‘++-4
‘m
$ 171 $ 302 $ 630

5,30!11 10,519I 22,761
I I

$ 542 t $ 1,073 i $ 2.322 I

TABLE 2-18b. US TOP-DOWN PV BATTERY MARKET ESTIMATES
I units 1 19911 1995[ 20001.

US PV module shipments, stand-alone systemswith batteries.
m [Seenote 1 and fbotnote 13][a=.115*(a of Table 2-18a)] 5.06 7.36 15.41

PV batteries shipp@ based on 1.2 kwh of batteries per each
50 watt (peak) of new PV module installation.

b [b=(aJ50)*1.2”1000] 121 177 370
PV Replacement batteries based on average battery life of five

c years. [See note 1. See text for methodology.] 71 164 341
Total PV Batteries new installations plusreplacement

d ba&ries for the year indicated. [d=(b-!=e)] 193 341 710
Total PV Batteries (units) based on a “&pical” size battery of No.

e 1.2kWh (e.g., 12V-IOOAH). [e=d/(1.2*1000)] Millions 0.16 0.28 0.59
Total dollarvalueofPV batteriesbasedon $102/kWh(see

f Table2-3). [H* 102/1000] $,Million $ 20 $ 35 $ 72
TotalinstalledcapacityofPVbatteriesfrom 1980to: 1991,
1995,and 2000. [Seenote 1for sourceofdataandtext for

g methodology.] 611 1,210 2,618
TotalinstalledcapacityofPV batteriesfrom 1980to: 1991, No.

h 1995,and 2000(1.2kWh “typical”size). [h=g”1000/1.2] Millions 0.51 1.01 2.18
TotalinstalledcapacityofPVbatteriesfrom 1980to: 1991,
1995, and 2000 ($102/kWh). [i=g*102/1000]

~TOP-D~.XLS 91-95-00
Note 1. These data are based on mnversations with Bob Johnson, Strategies Unlimited (May 1996)and the

publicationPVNews,Februaxy1996,byPaulMayoock.Years1991and 1995arehsed o]nhistoricaldati,
dataforthe year2000arebasedon projectionsbyJohnsonandMayeock.
JohnsonandMaymekaretwoof the leadingPV industryexpertswhohaveprovidedtechnologyandmarket
reports(includinghistoricalandforecastedPV salesdata)forabouttwodecades.
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PART 2. BATTERY INFORMATION NEEDED FOR PV SYSTEM DESIGN

The purpose of Part 2 of Survey A was to determine what in.ilormationPV System Integrators needed born
battery manufacturers in order to properly design PV systems with optimum pefiormance and minimum
life-cycle cost. The desired end result of Part 2 is that battery manufacturers will develop data sheets for
the PV system designer that includes the information defined in Table 2-19. Each parameter was ranked
as: 1 (Essential), 2 (Usefid), or 3 (Not important) by each respondent

Table 2-19 includes the average rating from the Small System Integrators, Large System Integrators, aud
the average of the two rankings for each parameter. The parameters are listed in ascending order of the
Large Swtem Intemator for the following reasons:

A The Large System Integrators shipped 78 percent of the number of batteries and 88 percent of the
dollar volume of batteries compared to the Small System Integrators (see Tables 2-4,2-5 and 2-6)

* The J-&-geSystem Integrators typically invest more resources than Small Integrators for researc~
developmen~ and design of PV systems.

A The Large System Integrators have the most influence over the technical content of battery data sheets
because of their sales volume and high level of system design expertise.

Responses from Small and Large Integrators track quite well for the 29 parameters liti with the
exception of “cost”. Small Integrators ranked costs as 1.23, whereas the Large Integrators ranked it as
1.00. This implies that system sales andor battery sales are less sensitive to cost for Small Integrators
than Large Integmdors. One reason for this maybe that there is less competition for small local sales.

The responses from the 1991 survey are ako shown in Table 2-19 for comparison with the 1995 results.
While the rank order is ve~ similar for 1991 and 1995 responses, the 1991 respondents rated nearly all
parameters as essential or usefil (very few responses were in the “not important” category).
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‘ABLE 2-19. BATTERY INFORMATION NEEDED FOR PV SYSTEM DIESIGN

1 = Essential, 2 = Usefid, 3 = Not Important

1
1991 I 1995

I

1

. J15

1.00
1.00
1.14
1.14
1.14
1.29
NA
1.43
1.29
.43
.14
.71
.43
.43
.43

1
2
3
4
5
6
7
8
9

10
11
12
13
14

2D vs temperature
: @commended maintenance scheduleE+=

1.4(I lBattery ltie vs averasredailv II
I 1.52

1.64 SO
1.37 Wa.-.. .-u ..-,

1s
2C
21
22
23

1-

1.29
1.71
NA
1.57
1.29

lElectrolytefkxzing poir

ElZ====

C as a fimction of battery voltage
‘Wnmti‘--~ “m-rarityrestrictions)

,voltage to ground
ledcontroller set points

of Charge (SGC) vs Voc
Vsbattery voltage at C/20
able dry charged?

it VsSoc
INlaximumshelf life

1.Y5 Series/parallel recommendations
--- ■

rep-hourcapacity at C/8
truction and additives

I 1.89 lRecommended equalization procedure
elf-discharge rate vs temperature

2.14 I 2.19 [Reserve electrolyte capacity
pecial features such as extra electrolytereserve

!-m- -.
- )ecificgravity

:amq typmaUyshipped
ms

arammers ~lym~ not mcnmea m me survey (write-m, one time mention):
.. . . .

I 2.00 I 1.77 Is

I
26 1.71 2.23 2.14 2.19 S1
27 1.57 1.85 2.29 2.07 WC as a Iunctlon ot”q
28 1.43 2.00 2.29 2.14 Specslc gr “ ‘ “-

I 2.33 I 2.32 bkpmalhecycling instructic
IAdditinnrnln! - ,-,. ----- . . . .. . . .
I_———-..-——-

L
1lAbsolute operating temperature hnnts
2
3
4
5
6
7
8
9

10
11
12

Allovmblecell to cell voltage differences
Battery environmental areas Batt.exyAir Venting contro~
Spill protection; Terminal & connection car% Sulfate controls.
Conductance
Fusing recommendations
Internal resistance values
Material Safety Sheet
Mounting Bolt Locations
Number of “conditioning” cycles (VSDOD) to reach Ml charge
Shipped capacity & chart showing WI capacity gained after x cycles,
Short circuit current or internal resistance
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PART 3. PV SYSTEM OPERATING CONDITIONS

The purpose of this part of the survey was to profile
1. System Integrators’ application of PV hardware,
2. their design approach to PV systems, and
3. the environment into which PV systems are placed.

Respondents were asked to answer 20 questions (see Appendix A for the format of the actual questions).
Many, if not most of the responses were subjective and represent the perception of the individual that
completed the survey. Results are presented in Tables 2-20 through 2-29.

Where data Ilom Small and Large System Integrators are averagd a weighted average is used (Small
Integrators have a weight of 12 and Large System Integrators have a weight of 88). This weighting is
based on dollar sales per Table 2-3. Question 20 is an exception to this method of averaging, where equal
weight is given to Small and Large System Integrators.

Answers to questions are tabulated in Tables 2-20 through 2-29. The following are highlights of answers
to each question.

Question 1. Whatpercent of your balance of system is provided by another systems house? This

question was intended to determine to what degree the 21 respondents purchased hardware fkom each other
and to determine the degree of “double counting” batttq sales when compdiug survey results. The results
shown are somewhat.deceiving since only two Small System Integrators showed any purchases from
another System Integrator (dealers buying born distributors). These two ~te~tors together repofi~ @
than 0.1 uercent of the total kWh of batteries reported in 1995.

Question 2. ~battery manufacturers recommended speciJc setpoints for their batteries in PVsystems,
would you use them? Responses indicate that 42 percent of the Small System Integrators and71 percent of
the Large System Integrators would veri& battery manufiicturer’s charge controller set point
recommendations before implementing the recommendations.

Question 3. If battery manufacturers recommended spec@c charging algorithms for their batteries in

PVsystems, wouldyou use them? Like question 2, the majori~ of System Integrators want to ver@
battery manufiicturer’s recommendations (charging algorithms) before using in field applications.

Question 4. Whatpercentage of the advertised batte~ cycle lije do you estimate that you get?
Respondents believe that they ge~ on average, 78 percent of the advertised battery cycle life. The answers
were about the same for Flooded-vente& AGM, or Gel technologies.

Question5. B%atpercentage of your systems are designed for the following battery temperature
extremes?

Most system designs Ml within the temperature range of -20F to +140F. System designs are distributed
throughout this range, indicating that designs are highly temperature dependent.

l.Algorithnx a step-by-stepprocedurefor solvinga problem (fiequentiyinvolvingrepetition of an operation)or
accomplishingsomeend. In this applicatio~ an algorithm definesthe processor technique used to prevent
overcharging the battew.
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Question 6. Whatpercentage of your system design use: @vepart question)? This question covers five
broadly related topics concerning how the designer compensates for expected temperatures. Temperature
compensation for example, is used with 60 percent of voltage regulators (i.e., charge controllers).

Question 7. %+atpercentage ofjlooded-vented batteries use catalytic recornbiner caps (i.e. Hydrocaps
‘i) ? The survey shows that31 percent of flooded-vented batteries use catalytic combiner caps, and that
cost is the primary reason that the number is not higher than31 percent.

Question 8. Do you receive adequate informationfiom the manufacturer regarding battery lzjietime vs.
depth of discharge? Battery manufacturers received a score of 2.03 out of 5.00 fo]rproviding adequate
tiormation regarding Iifbtimevs. depth of discharge.

Question 9. Do you feel that you have adequate informationfiom the manufacturer regarding battery
lifetime vs. temperature? While 38 percent of the SmaSlSystem Integrators reported that they have
adequate tiormation fkomthe manufacturer regarding battery liiletimevs. temperature, none of the eight
Large System Integrators received adequate information.

Question 10. W%atpercentage of your stand-alone systems use a ~“mumpower tracker? SS1s (Small
System Integrators) reported that 14 percent of their systems use maximum power trackers while none of
the LSIS (Large System Integrators) reported using maximum power trackers. It is unlikely that any of the
SS1sused inaximum power trackers, and that they interpreted the question as 2-axis tracker rather than a
maximum power tracker.

Question 11.. Whatpercentage of your systems use ni-cad batteries? None of the System Integrators
used Ni-Cad batteries in 1995.

Question 12. Whatpercentage of your systems operate at the following average amp-hour discharge
rate? Eighly-three percent of the systems were designed for a discharge rate between C/60 and C/200.
SS1sI@ally design systems with k the discharge rate of the LSIS.

Question 13. When batteries are received, what do you estimate is the percentage of the rated amp-hour
capacity they will deliver? “As Received” batteries are typically at 83 percent of rated capacity and81
percent of these batteries receive about 7.6 hours of charge before field installation. Less than 50 percent
of the Small System Integrators charge the batteries before applying them in the application.

Question 14. When designing a system and seIecting a battery, what capacity value do you use the
most? Responses to this question again show a philosophical difference between Large and Small System
Integrators. While Small System Integrators will have a tendency to match the discharge rate more closely
to the applicatio~ Large System Integrators size the system more conservatively. Sixty-five percent of
systems are designed using a C/100 capacity rating and about 24 percent use a C/20 rating.

Question 15. W7@percentage of systems have a typical alzilv depth-o fdischarge Of ( )? This
question asks for a profile of the battery depth of discharge (DOD). Ninety percent of the systems are
designed for a DOD between O-25percent.

Question 16. Low Voltage Disconnect (Z.PD): This question consists of five questions, all related to Low
Voltage Disconnect (LVD).
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16a. Where do you get the information for your LU9 setting? Seventy-one percent of LVDs
settings are based on experience, not by literature from battery or charge controller
literature.

16b. Do you adjust the LT21 setpoint(s) for low or high discharge rates? Forty-six percent
of the LVDS are adjusted for the expected discharge rate.

16c. What LW setpoint(s) do you use (based on a nominal 12 Vdc system)? LVD set
points are defined by discharge rate, and are fitirly consistent for SS1s and LSIS.

16d. W7zenselecting an LTD setpoint, what is your single most important criteria in your
decision? Eighty-one percent of set points are selected to reduce the DOD in order to
increase battery life.

16e. What is the maximum depth-o fdischarge (based on LZV setti”ngs) you ~picalti design
for? Maximum DOD typically designed for is 70-80 percent for both Flooded-vented and
VRLA batteries.

Question 17. Charging Algorithms. For each controller type, indicate in Row 2 the percentage of

systems that match the charge rate. lin Row 3 ~ndicate the typical system batte~ bank size (i. e., total

amp hours). Data regarding Charge Controller Algorithms vs. charge rate and battery bank size are
Summamed in Tables 23, 24, and 25. Responses to this question are organized by Small Integrators
(17a), Large Integrators (17ti) and Summary (17c). Table 2-25, Summary, shows that 79 percent of
the Integrators use ON-OFF controllers, 7 percent use constant voltage controllers, 12 percent use
pulse-width modulation controllers and 2 percent use no controller.

Although nearly 80 percent of the Integrators use charge controllers with the ON-OFF algoriti this
algorithm is the one most difficult for which to define voltage set points. Battery manufacturers rarely
provide set point idormation for the ON-OFF controller and the optimum set points area function of
variables such as net charging current and battery state of charge. Verbs.Iresponses from Integrators
indicate that they use this algorithm because: a) it is the lowest cost controller a.dor b) when it is
used with a mercury displacement relay, it is the least likely to be damaged by lightning.

Question 18. Where do you get the information for your voltage regulation setting? System Integrators
obtain voltage regulator set points from battery manufacturer’s literature (600/0),charge controller
manufacturers (320/0),and prior experience (460/0). The totals for Small and Large System Integrators
(see Table 2-26) exceed 100 percent because many Integrators checked more than one source (i.e., they
use more than one source of information).

Question 19. What voltage regulation setpoints do you use for 12 Vnominal batteries? Voltage
regulator set points are defined as a function of voltage regulator algorithm and battery charge rate for
12 volt batteries. Not all System Integrators use all types of charge controllers or all categories of
charge rates. In numerous cases, the average values shown represent the response from only one
systems house.

Responses to Question 19 are tabulated in Tables 2-27 and 2-28. These data are also presented
graphically in Charts 2-19 through 2-26. These data show a wide range of set points used by the
System Integrators, indicating that there is little consensus among the respondents as to the “correct”
set points. This is particularly true for Flooded-vented (I?LA)batteries. Set points for FLA batteries
are dependent to some extent on the battery design. The fiictory recommended equalization set point
for the Delco 2010, for example, is 16.5 Vdc. This stands out as an isolated point in Chart 2-19.

1[22/97-2:36PM SEG2-3.DOC! 2-24



In general, set points for Valve-Regulated (VRLA) batteries are lower than for FLA batteries, and the
set points are fhirly consistent among all respondents.

Question 20. Iftindia National Laboratories’ Photovoltaic Design Assistance Center were able to
expand the program to provide assistance in developing the market for batte~ies in PVsystems,

please indicate your areas ofpreference. The responses clearly want the most help in the first
category Assist in the characterization of batteries for PV specifications (data sheet values), with 54
pereent of Small Integrators showing this as the highest priority and 71 percent of the Large Integrators
showing this as the highest priority.

Table 2-19 on page 2-20 is related to this questio~ since it defines the data sheet parameters of interest
to the integrators.
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TABLE 2-20. QUESTIONS 1-6

@estion 1
Whatpercentof yourbalanceof system is provided by another systems
house?

juestion 2
If batterymanufacturersrecommendedspecilic set points for their batteries
in PV systems,wouldyou use them?
a) Yes
b) No
c) Evaluate before use ~

)uestion 3
If battery manufacturers recommended specific charging algorithms for
their batteries in PV systems would you use them?
a) Yes
b) No
c) Evaluate kefore use

)uestion 4
What percentage of the advertised battery cycle life do you estimate that you
get?
a) Flooded-vented
b) VRLAIAGM
c) WA IGEL

juestion 5
What percentage of your systems are designed for the following battery
temperature extremes?
Low TemR -60 to -40F
Low Temp, -40 to -20F
Low Temp; -20 to OF
Low Temp; Oto 20F
Low Temp; 20 to 40F
Low Temp; 40 to 60F

HighTemp, 60 to 80F
HighTemp; 80 to 100F
HighTemp; 100 to 120F
HighTemp; 120 to 140F
HighTemp, 140 to 160F

)uestion 6
What percentage of your system designs used
a) Temp compensated voltage regulators
b) Battery AH capacity derated for expected low temps
c) Load current compensated low voltage disconnect
d) Battery specific gavity adjusted for expected low temps
e) Insulated lxittery boxes (or cool cells)

iote 1. Weighted average: SmaU=12; Large=88 (based on $ sales; see Tab

SYSTEM INTEGRATORS I

ww
42% 29% 30’%0
Ovo o% 0’%0

58% 71% 70%

81V0 78% 7870
67% 78’XO 77%
74% 78% 78%

1% l% 1%
9% 15% 14’%0
7’XO 22% 20%

21% 26% 26%
35% 229’0 24’%
23% 14% 15%

24% 9% 11%
33% 28V0 29%
34% 37% 37%

6?’0 19% 18%
1% 6% 5%

3°h 16% 14%
35% 36% 36%

2-6) A-PAR.T3.XLSQ1-6
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TABLE 2-21. QUESTIONS 7 THROUGH 14

Question7
Whatpercentageofflooded-ventedbatteriesuse catalyticrecombine caps
(i.e.Hydrocaps)?
Ifyoudon’tuse, why:
a cost
b: Lackof informationon performance
c Didn’tknowtheyexisted
d: Other -

Juestion 8
Do you receive adequate information from the manufacturer regarding
battery lifetime vs depth of discharge? (l--, 5=excellent)

luestion 9
Do you feel that you have adequate information from the manufacturer

regarding battery lifetime vs temperature? (YES)
@estion 10

What percentage of your stand-alone systems use a maximum power
tracker?

@xtion 11
What percentage of your systems use ni-cad batteries?

Question 12
What percentage of your systems operate at the following average amp-
hour discharge rate:
a) C/8-C/15
b) C/15-C/30
C) C/30-C/60
d) C/60-C/100
e) C/100-C/200

Question 13
When batteries are received:
a. what is the percentage of the rated amp-hour capacity that they will
deliver?
b. Do you boost charge the batteries before installing them in the field?
YEs
If yes - hours of charge (O,2,4,8,12, 16)

Question 14
When designing a system and selecting a battery, what capacity value do
you use the most? Indicate percent of batteries in each category:
a) Manufacturer’s C/20
b) Manufacturer’s C/100

SYSTEM INTEGI

7

Small La e

16% 33’%

I
40’%
10% 29%
o%

40%

t

3.25 1.86

t

38% o%

L-14% 0%

F
o% Ovo

6% 1%

53%

L

20%
38% 68%
9’% 12%

~TORS
AVE.[1]

31%

40??
26%

o??
40%

2.03

4.6%

2%

o%

1%
8%
9%

34’%
49??

83%

81’%
7.6

24%
65%
12’%0c) Other value

A-PART3.XLS

Note 1. Weighted average: Small=12; Large==8 (based on $ sales; see Table 2+) A-PART32USQ7-14

2-271122197 2:36 PM SEC-2-3.DOC



TABLE 2-22. QUESTIONS 15 AND 16

)ue#ioll 15
What percentage of systems have a typicrd daily
depth-of-dischargeofi
a) FloededBatteries @S~o dailyDOD

5- 10VOdaily DOD

10-IWO daily DOD
15-25V0 daily DOD
2S-so~oddy DOD
Sl)-loo’%odaily DOD

b) VRLA Batteries O-5V0daily DOD

5-10% daily DOD

lo-ls~. daily DOD
15-25V0ddy DOD
25-50’%. daily DOD
50-100% daily DOD

!uestion16
LQWVoltageDisconnect(LVD)
a. Wheredoyouget the informationforyourLVDsetting?

BatteryMfg.Lkrature
ChargecontrollerMfg.
Experience

b. Doyouadjustthe LVDsetpoint(s)for lowor highdischargerates?
Yes
No

c. WhatLVDsetpoint(s)doyouuse?
(based on a nominal 12 Vdc system)

C18-Cl15
c!l15-c/30
C130-C160
C/60-C/100
c/loo-c/2oo

d. When selecting an LVD set poin~ what is the single
most important criteria in your decision:

Reduwd dod for increased lifetime
Maximum usable capacity

e. What is the maximum depth-of-discharge you
typically design for (based en LVD setting)?
Flooded-Vested Batteries O-25V0daily DOD

25-50?X0da;ly DOD
50-70% daily DOD
70-80’?40ddy DOD
80-90% daily DOD
90-100YO”ddy DOD

VRIA Batteries O-25%ddy DOD
25-50% drdy DOD
50-70°fiddy DOD
70-80V0daily DOD
80-90% ddy DOD
90-l(JOVO&ily ~D

~ote 1. Weightedwerag~ Small=W,Larg~88 (basedon$SSIW,sea

SYSTEM INTEC
Small Large

irn Avg Max Mm I Avg lMt

1
1270 18%

----1--
14% 24°Y6
14’_7’o 26%
36% 23~o
18% 4%
6% 4~o
7% 19%

~y% 37%
26% 19%
47~o 19%
2% 2%

23~o 14%
8% 29%

69% 71%

69% 43%
31’70 57’?40

0.5 11.1 11.6 11.0 11.3 1
0.8 11.4 12.0 11.2 11.4 1
0.5 11.2 11.8 11.3 11.5 1
0.6 11.3 11.9 11.5 11.5 1
1.0 11.5 12.0 11.0 11.5 1

50% 86?40
50~o 29%

1% lVO
1% 19%

14% 9%
56% 64%
26% 8%

1% 0%
17%’. Iv.
8% 17%

28% 130~

19% 63%
28°h 6%

Iv. I 0% I
ble2-6) A-PART3XLSQ15-16

roRs
Totrd [1]

~i IAvg Iti

18%
22’%0
25%
24’7.

6%
4%

18%
35’%.
19’%.
22V0
2?40
3%

15~o
26%
71~o

46%
54?40

10.9 11.3 11
11.2 11.4 11
11.2 11.5 11
11.4 11.6 11
11.0 11.4 11

81V0
3l%

Iv.
17%
9~o

63’%0
10%
o%
3%

16%
lsyo

58%
8’%
0’+’0
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I) ON-OFFController
‘?!0using this algorithm

YOusing chargerate C/8-C/l5
BatteryBank sizqAH
YO using chargerate C/l 5-C130
BatteryBank Si2e&I
1% using chargerate C130-C160
BatteryBank Size&
‘h using chargerate C160-C/100
BatteryBank Size&I
0/0 using chargerate C/l 00-C/200
Battery Bank Size-

#1 #2 #3 #4##5#6#7#8 #9#lo#ll #12 #13

40Y0 IOOVO100% 40~o 30~o 60% 40~o 40% 10% 100% ()~o 100VO 52%

50 93 60
220 66 400
50 7 10 30

660 132 250 600
80 10

2501000
10

250

10
7

30 50 90
300 90
50 50 10

1000 90
10

2000

50 93 2
30 66 3000
50 7 15

:270 132 1200
100 60

3100 1200
23
800

I) Constantvoltage
Yousing this algorithm 40% 0% O% Ovo25’% 19~o OVo40’%89% ()% 100VO()~o 4%

YOusiug chargerate C/8-C/l5
BatteryBank sizeJ1.EI
VOusing chargerate C/l 5</30
BatteryBank Sizes
‘h using chargerate C/30-C160
BatteryBank Size&
0/0 usiug chargerate CI6O-W1OO
BatteryBank Size&
VO using chargerate C/100-C/200
BatteryBank Size@

:) Pulsewidthmodulation
‘/0usingthis algorithm

‘Iousing chargerate CJ8-C/15
BatteryBank Size@
% using chargerate C/l 5-C130
BatteryBank Size@
VOusing chargerate C/30-C!/60
BatteryBank Size&
‘h using chargerate CI6O-CI1OO
BatteryBank Size@3
YOusing chargerate C/100-C/200
BatteryBank Size@

50 5
220 1000
50 100 100 100 80

660 12 700 100 800
100 10
270 400

3
100
2

100

.2
3000
15

1200
60

1200
23

1200

20% o% 0% 60% 40~o 20~0 6oyo 20yo Oyo O% Ovo o% 44%

100 15 16 2
880 800 12 3000

75 26 100 15
1200 100 100 1200

10 100 58 60
1500 800 90 1200

23
1200

1) OtherChargingAlgorithms? 0% o% 0% Ovo 0’% 0% 0’% 0’% 0% OYO Ovo 0% o%

j No chargecontroller I 0% o% f)~o O% 5% lyo O% O% l~o O% o% 0’% o%

A-PART3.XLS Q17
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4.BLE 2-24. QUESTION 17B; L,

I ON-OFF Controller
%using this algorithm

% using chargerate C/8-C/15
Batte~ Bank Size,AH
‘Ausing charge rate C/15-C/30
BatteryBank Size,AH
‘Yousing chargerate C/30-C/60
Batte~ Bank Size,AH
% using chargerate C/60-C/100
Battay Bank Size,AH
‘%0using charge rate C/100-C/200
BatteryBank Size,AH

) Constantvoltage
%0using this algorithm

‘Yousing charge rate C/8-C/15
BatteryBank Size,AH
‘Ausing charge rate C/15-C/30
BatteryBank Size,AH
% using charge rate C/30-C/60
BatteryBank Size,AH
0/0using charge rate C/60-C/100
BatteryBank Size,AH
‘Ausing charge rate C/100-C/200
BatteryBank Size,AH

) Pulse width modulation
%using this algorithm

% using charge rate C/8-C/15
BatteryBank Size,AH
‘Ausing chargerate C/15-C/30
BatteryBank Size,AH
% using chargerate C/30-C/60
BatteryBank Size,AH
‘%0using charge rate C/60-C/100
Batte~ Bank Size,AH
‘%0using charge rate C/100-C/200
BatteryBank Size,AH

.) Other Charging Algorithms?

) No charge controller

1/22197 2:36 PM SEC-2-3.DCIC

tGE SYSTEM INTEGRATORS
LARGE SYSTEM INTEGRATORS

M #2 #3 #4 #5 #6 #7 #8

95% 100% 60%

100 10
>100

40
>100

100 40
300 >100

10
100>100

l% 0% 20%

10
>100

40
>100

100 40
300 >100”

10
>100

95% 85% 60% 80% 80%

o 0

60 8 80
100 100
30 70 0 20

100 100
5 20 20 20

36 100 200
5 2 0 60

12 1000

2% 2% 20% 0% O’XO

o 0

100 80
280 100

0 90 0

0 10 20
100

0 0

2% 0% 20% 2%

00

20 0

30 100
3000

100 30 0
100

00

3% 20% 20% 20’%

o

5 80
100

707 0 50
90

20 20 50
100 180

30

0% 0% 070 0?40 0’% 0?40 0’% 09

2’??0 O’xo o% 1% 10% 0’%0 0% o%
A-PART3.XLS Ql 7)3
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TABLE 2-25. QUESTION 17C: WEIGHTED AVERAGES
Question 17C. Charge Controller Algorithms
SUMMARY Averages, in Pereent

A-PART3.XLSQ17C small Large Avg. [1]
a) ON-OFF Controller 55% 82% 79%

I
b) Constant voltage 24’XO 5% 7’%0
c) Puke width modulation 20’70 llVO 12V0
d) Other algorithn 0’?40 0?40 0%

I
—

e) No charge controller I l% 2% 2%
Note 1. Weighted average: SIUaU=12;Large=88 (based on $ sales; seeTable2-6)

TABLE 2-26. QUESTION 18
Question 18

Where do you get the information for SYSTEM lNTEGIUT@tS
yourvoltage regulation setting? small I Large I Total [1]

BatteryMfg. Literature 85’% 57% 60%
Charge controllerMfg. 54% 29% 32%
Prior experience 69’%0 43% 46%

Note 1. Weightedaverage SmaU=12;Large=88 (basedon $ sales; see Table2-6)
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4BLE 2-27. QUESTION 19 A & B
~estion19 a & b

What voltageregulationsetpointsdo youuse
for 12V nominal batteries?

Series-interrupting & shunt-interrupting
e.,Olu

Com

ote1.

“o
kwled lead antimony C18-C15

C15-C30

C30-C60

C6O-C1OO

C1OO-C2OO

boded lead-calcium C/8-C15

C15-C30

C30-C60

C6O-C1OO

C1OO-C2OO

tRI.WGel C/8-C15

C15-C30

C30-C60

C6O-C1OO

C1OO-C2OO
~A/AGM C/8-C15

C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

mtvoltage.
Wxxiedleadantimony C/8-C15

C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

Hooded lead-calcium C/S-Cl 5
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

VRLA/Gel C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

VRLAfAGM C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

~eightedaverage:Sma.ll=12; Large=88 (base~

SYSTEMINTEGRATORS
Small Large Total [1]

Min Avg Max Min Avg hhx Min Avg Max

II
14.20 14.38 15.10 14.70 14.70 14.70 14.64 14.66 14.75
14.20 14.69 16.50 14.50 14.60 14.80 14.46 14.61 15.OC
14.00 14.38 15.10 14.40 14.67 14.80 14.35 14.63 14.84
14.20 14.50 15.10 14.10 14.40 14.80 14.11 14.41 14.84
14.20 14.62 15.1OI14.00 14.00 14.00114.02 14.07 14.13
13.80 14.17 14.401 I 13.80 14.17 14.40

I
13.80 14.30 14.70 14.50 14.65 14.80 14.42 14.61 14.79

I
13.80 14.13 14.40 14.80 14.80 14.80 14.68 14.72 14.75
13.80 14.23 14.60 13.80 14.23 14.60
13.80 14.33 14.90[ I 13.80 14.33 14.90
13.90 14.03 14.10] I 13.90 14.03 14.10

I I13.90 14.05 14.20 14.10 14.23 14.30 14.08 14.21 14.29
13.90 14.00 14.10 13.70 14.10 14.30 13.72 14.09 14.28
14.10 14.10 14.10 13.70 14.08 14.30 13.75 14.08 14.28I
14.10 14.10 14.10 13.70 13.87 14.10 13.75 13.89 14.10

13.90 14.00 14.1OI 14.10 14.10 14. 10I 14.08 14.09 14.10

--l---u
13.90 14.10 14.30 14.10 14.23 14.30 14.08 14.22 14.30
13.90 14.00 14.10 14.10 14.23 14.30 14.08 14.21 14.28
14.10 14.10 14.10 13.80 14.18 14.30 13.84 14.17 1428
14.10 14.10 14.10 13.80 13.95 14.10 13.84 13.97 14.10

J

14.00 14.20 14.30 13.80 13.80 13.80 13.82 13.85 13.86
14.00 14.26 14.50 13.80 13.80 13.80 13.82 13.85 13.88
14.00 14.24 14.50 13.80 13.80 13.80 13.82 13.85 13.88
14.00 14.18 14.30 13.80 14.05 14.05 13.82 14.07 14.08
14.00 14.26 14.60[ 13.80 13.80 13.80113.82 13.86 13.90
13.20 13.97 14.401 i 13.20 13.97 14.40
13.20 13.97 14.40I I13.20 13.97 14.40
13.20 14.05 14.40 13.20 14.05 14.40
13.20 14.03 14.60 14.30 14.30 14.30 14.17 14.27 14.34I
13.20 14.13 14.90~ I 13.20 14.13 14.90
13.70 13.90 14.1OI13.80 13.80 13.80113.79 13.81 13.84

I I13.70 14.03 14.40 13.80 13.80 13.80 13.79 13.83 13.87
13.80 13.95 14.10 13.80 13.95 14.10 13.80 13.95 14.10
13.80 14.00 14.10 13.80 14.07 14.10 13.80 14.06 14.10I
13.80 14.00 14.1OI13.80 13.80 13.80113.80 13.82 13.84
13.90 14.00 14.1OI13.80 13.80 13.80113.81 13.82 13.84

I I13.90 14.07 14.20 13.80 13.80 13.80 13.81 13.83 13.85
13.90 14.10 14.30 13.80 13.95 14.10 13.81 13.97 14.12
14.10 14.10 14.10 13.80 14.07 14.10 13.84 14.07 14.10I
14.10 14.10 14.1OI13.80 13.80 13.80113.S4 13.84 13.S4
ID$ sales; see TableZ-6) A-PART3.XLSQ19A-B
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‘ABLM 2-22$. QUESTION 19 C & D
/uestion 19 c & d

Whatvoltageregulationsetpointsdoyouuse
for 12 V nominalbatteries?

. Fuk

. sub-

~idthmodulation.
‘loodedleadantimony C18-C15

C15-C30
C30-C60
C60-CIOO
C1OO-C2OO

‘Ioodedlead-calcium C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

nlLA/Gel C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

RLAfAGM C18-C15
C15-C30
C30-C60
C60-CIOO
C1OO-C2OO

my control
:ontro “Ihngby sub-seetionsof the array)

Flooded lead antimony C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

Flooded lead-calcium C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

vRLA/Gel C/8-C15
C15-C30
C30-C60
C6O-C1OO
C1OO-C2OO

VRLMAGM C/8-C15
C15-C30
C30-C60
C6O-C1OO

I C1OO-C2OO
Jote 1. Weightedaverage Small=lZ, Large=88 (basedo

1122197 2:36PM SEC-2-3.DOC

SYSTEMINTEGRATOllt3
Small Large Total [1]

U.in Avg Max Min Avg Max Min Avg Max
I I

14.20 14.22 14.30114.10 14.10 14.1OI 14.11 14.11 14.12

l-l I
14.20 14.25 14.40 14.00 14.00 14.00 14.02 14.03 14.05
14.20 14.26 14.30 1400 1400 1400 14.02 14.03 14.04
14.20 14.25 14.30 13.90 14.10 14.1O 13.94 14.12 14.12

-+iimmml14.20 14.35 14.60113.80 13.80 1380 1385 13.87 1390
13.1013.93 14.401

“;’’’:”4 I“:’‘:;“413.10 14.00 14.60 14.30 14.30 14.30 14.16 14.26 14.34
13.10 14.10 14.901

~13.90 14.03 14.10]13.90 13.90 13.90 13.90 13.92 13.92

l-l I
13.90 14.03 14.10 13.9013.90 13.90 13.90 13.92 13.92
13.90 14.03 14.10 13.70 1397 1440 13.72 13.97 14.36
14.10 14.10 14.10 13.70 14.05 14.40 13.75 14.06 14.36

~
14.10 14.10 14.1OI13.80 13.80 1380 13.84 1384 1384
13.90 14.00 14.1OI13.90 13.90 13.90 13.90 13.91 13.92

-4-4-4
13.90 14.07 14.20 13.90 13.90 13.90 13.90 13.92 13.94
13.90 14.00 14.10 13.80 14.03 14.40 13.81 14.03 14.36
14.10 14.10 1410 1380 1417 14.40 1384 1416 1436
14.10 14.10 14.10 13.80 13.80 13.80 13.84 13.84 13.84

I I

14.20 14.25 14.30114.70 14.70 14,701 14.64 14.65 14.65

I I
14.20 14.33 14.50 14.50 14.50 1450 14.46 14.48 14.50
14.20 14.25 14.30 14.40 14.65 14,,90 14.38 14.60 14.83
14.20 14.25 14.30 14.10 14.20 14,30 14.11 14.21 14.30I

-k-A14.30 14.45 14.60114.00 14.00 14.00 14.04 1405 14.07
14.30 14.30 14.30[ 0.00 0.00 0.00

‘:fl:;i:l’:‘: ‘:1‘%‘%‘Xl14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30

-1----114.30 14.30 14.301 0.00 0.00 0.00
14.10 14.10 14.1OI14.10 14.10 14.10 14.10 14.10 14.10

Ill14.10 14.10 14.10 14.10 14.10 14.10 14.10 14.10 14.10
14.10 14.10 14.10 14.00 14.05 14.10 14.01 14.06 14.10
14.10 14.10 14.10 13.90 14.10 14.30 13.92 14.10 14.28

--k-+14.10 14.10 14.10[13.80 13.80 13.80 1384 1384 1384
14.10 14.10 14.10114.10 14.10 14.10 14.10 14.10 14.10

Ill14.20 14.20 14.30 14.10 14.10 14.10 14.11 14.11 14.12
14.10 14.10 14.10 14.00 14.17 14.40 14.01 14.16 14.36
14.10 14.10 14.10 13.90 14.10 14.:30 13.92 14.10 14.28
14.10 14.10 14.1OI13.80 13.80 13.:BOI13.84 13.84 13.84
; sale& seeTable2-6) A3ART3XLS Q19 C-D
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TABLE 2-29. QUESTION 20
Questicm20
IfSandialfationalLalwratories’PhotovoltaicDesign Assistance Center were able to expand the program to provide
assistancein developingthe market for batteries in PV systems, please indicnte your arms
of preference.

1 = highest pnori&, 5 = lowest PI

Averages for Small S.1. Averages for Large S.1.
AREAS OF PREFERENCE 12345 12345 1

1. Assist in the characterization of
batteries for PV specifications 54% 15~o 15% O% 15~o 71% 29% o% o% o%
(data sheet values).
2. &&tin the developmentof
“applicationnotes” or “application 38% 38% 15’%0O% 8% 29% 57% 14% o% O’%o
guides”for Mteries.
3. Provide technical assistance for
charge controller manufacturers to O’XO0’% 46% 15~o 38V0 14% O% 07. 29% 57%
characterize their newlydeveloped
controllersand algorithm.
4. Act as technical liaison between
the battery mannfhcturersand the 38% 15’%023% 15~o 8’% 29?? 29~o 14% 0% 29%
charge controller industry.

Note 1. Non-weighted average (i.e., equal weights for small and large)

X@
Averagesfor Sm. & Lg. [1]
12345

63Y. 22’%08% O% 8%

34% 48% 15% O% 4%

7% O% 23% 2.2’%0 489

A-PAUT3.XLSQ-2(
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HART 2-19. SERIES INTERRUPTING & SHUNT SET POINTS: SMALL INTEGRATORS
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!HART 2-20. SERIES INTERRUPTING& SHUNT SET POINTS: LARGE INTEGRATORS

SERIES INTERRUPTING & SHUNT SET POINTS
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MART 2-21. CONSTANT VOLTAGE SET POINTS: SMALL INTEGRATORS
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MART 2-23. PULSE-WIDTH MODULATION SET POINTS: SMALL INTEGRATORS

PULSE-WIDTH MODULATION SET POINTS
SMALL INTEGRATORS
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CHART 2-24. PULSEWIDTH MODULATION SET POINTS: SMALL INTEGRATORS

PULSE-WIDTH MODULATION SET POINTS
LARGE INTEGRATORS
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CHART 2-25. SUB-ARRAY SET POINTS: SMALL INTEGRATORS

SUB-ARRAY SET POINTS
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‘HART 2-26. SUB-ARRAY SET POINTS: LARGE INTEGRATORS

SUB-ARRAY SET POINTS
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PART 4. HYBRID SYSTEM ISSUES

Hybrid systems, as defined for the purpose of this survey, are stand-alone power generating systems with
two or more types of power generating sources, one of the sources being photovoltaics. Other typical
generating sources are diesel, gasoline or propane fheled generators (gensets), wind turbines, and thermal
electric generators. Gensets are typically used as a backup source of power for the PV system during
periods of extended cloudy weather and/or periods of unusually high energy consumption.

Part 4 is intended to ident@ the unique characteristics and requirements of hybrid systems. Results are

displayed in Tables 2-29 (Questions 1 through 9) and 2-30 (Questions 10-16).

Where data from Small and Large System Integrators are averag~ a weighted average is used (Small
Integrators have a weight of 12 and Large System Integrators have a weight of 88)I. This weighting is
based on dollar sales per Table 2-6.

The following are highlights of answers to each question:

Question L Ifyou useparalleI strings, what is the maximum number of parallel strings that you allow

in a system? When batteries are wired in parallel, a fimlt in a single cell can sink current fkomthe
parallel strings, creating an unsafe condition and causing a fire or explosion. IIattery manufacturers
generally do not speci& the number of strings that can be paralleled. Forty-three percent of the system
integrators limit paralleling to three or four strings. Surprisingly, two large system integrators (out of
7 that responded to this question) marked the category”9 or more”.

Question 2. At what battery size do you require battery grounding? The ma.ority of system integrators
(65%) ground batteries, regardless of the size of the system.

Question 3. Do you ground batte~ racks? Eighty-four percent do not ground metal battery racks.

Question 4. What do you use to determine the upper charge limit (state of charge)for a battey being

charged by a mechanical charger (generator, wind, hydro, etc.)? Nearly all system integrators (99’?40)
limit the state of charge of batteries by measuring and limiting the battery bus voltage.

Question S. Whatpercentage of your systems use integratedpower centers vs. components mounted

separately? Seventy percent of system integrators mount components separately for power centers
rather than placing all components in the same cabinet.

Question 6. In systems with various power generation sources, how do you determine the battery

char~”ng set points? The majority of integrators (83°/0)use dif%erentvoltage set points for each power
generating source. This may be due to different charging rates, or it may be due to generators being
used to provide an equalizing charge.

Question 7. a) Whatpercentage of your business is hybrid systems? The answers to this question were
somewhat surprising, with 48°/0of systems by small integrators being hybri~ while only 16°/0are
hybrid by large integrators. This maybe due to the fii.ctthat small integrators provide PV systems for
remote homes. which oiten use a backup generator.
b) JJ%atis the ~pical =“mum &iZy depth of discharge? Typical daily battery depth of discharge is
20’YO.
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Question 8. J?%atpercentage of these systems /_hybrid] do you design with an expected increase in
seasonal depth of discharge? Forty-five percent of small integrators plan on deeper cycle depths
during seasons with low levels of sunlight vs. 27% for large system integrators.

Question 9. What is the mm”mum seasonal depth of discharge that you allow? SrnaU system integrators
allow deeper seasonal battery discharge (46%) than large system integrators (39%).

Question 10. For hybrid systems, what battery technology do you recommend? The majority (52%) of
hybrid system batteries are flooded lead-acid with antimony additive to the plates. None of the
integrators used flooded-vented batteries with calcium additive to the plates. Forty-eight percent of the
batteries were VRLA.

Question 11. What ~pe of environmental control do you require for your battery area? The ma.ority of
integrators (810/0) used insulated battery boxes without active heating or cooling.

Question 12. Do you use temperature compensation during battery charging operations? Eighty-six
percent of the integrators used temperature compensated charge controllers.

Question 13. Do you directly monitor one or more battery temperatures during batte~ charging

operation? Eighty-four percent of the integrators measured battery temperature (vs. ambient
temperature) for charge controller temperature compensation.

Question 14. lfyou have had experience with thermal runaway in any of your battery systems, pIease
indicate the NUMIER of events. This question addresses the issue of thermal runaway, where the
battery’s internal resistance decreases as its temperature increases, which finther increases its
temperature, hence thermal runaway. Small integrators reported 5 systems with GEL batteries that
experience thermal runaway and 12 cases of flooded-antimony batteries. Large integrators reported no
cases of thermal runaway.

Question 15. Has your company had anypeople injured due to battery explosions or electrolyte
spillage? Surprisingly, no eases of battery explosions or electrolyte spillage were reported.

Question 16. Has your company been involved with any incident of a wiring or building~re that was a
direct result of PVor system wiring or component failure? No wiring or building fires due to I?V
component failure were reported.
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‘M3LK 2-29. QUESTIONS 1-9
rhe followingquestionspertain to Hybrid Systems
morethan onepowersource)
luestion 1

If youuseparallel strings,what are the maximum
parallel stringsyouallowin a system?

1
2
3or4
5or6
7or8
9 or more

~uestion2
At whatbatterysizedoyou requirebatterygrounding?

All
l-5Kwh
5-10 Kwh
10- 100Kwh

>100 Kwh
~uestion3

Do you groundconductivebatteryracks?
Yes
NO---

)uestion4
Whatdo youuse as the upper chargelimit (stateof charge)for
a batterybeing chargedby a mechanicalcharger
(generator,win~ hydro,etc.)?

Measuredvoltage
Ampere-hoursinput
Other

)uestion5
Whatpercentageofyour systemsuse

Integratedpowercenters
Comwnents mountedseparately

}uestion6
In systemswith variouspowergenerationsources,how do you
determinethe batte~ chargingset points?

Set them all the sameirrespectiveof source
Use differentsetpointsfor dilTerentsources

@stion 7
a) Whatpercentageofyourbusinessis hybridsystems?
b) What is the typieal maximumdady“ depth of discharge?

)uestion 8
Whatpercentageof these systemsdoyou designwith

xpected increase in seasonal depth of disc-krge?
lue~~o; 9

What is the maximum seasonal depth of dischargeyou allowed?
iote 1. Weightedavemge: Small=12; Large=88(basedon $ sales seeTab

——
SYSTEM INTI—- —

Small

0’%
36%
18’?40
45%
0%
Ovo—,

55%
18%
27%
0’%0
0%

27%
73%

91%
8?40
18V0

21V0
79%

40?40
6070

48%
22V0

45’70

46%
r

&i!!E

o%
0%
43?40
29%
o%

29%

67%
17”A
Ovo
17?40
0%

14V0
86%

100%
0’%0
0%

3170
69%

14%
86%

16%
20%

27%

39’%

O!AO
4%
40’%
3170
o%

25’%

65%
17%
3%
15’%
0%

16V0
84%

99%
1%
2%

30%
70°A

17?40
83%

20’70
20%

29%

40’%
A-PART4.XLS Q1-9
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tluull b-au. ~wulu *.LWLIU XV-L”
he followingquestionspertain to Hybrid Systems SYSTEMINTEGRATORS I

norethan one power source) Small Large Average [1]
~uestion10

For hybrid systems, what battery technology do you recommend?
VRLA, GEL 17’%o 25% 24?40

VILLA,AGM 17% 25% 24%

Flooded Lead-antimony 66% 50~o 52’%0

Flooded Lead-calcium 0% 0% 0’?40
!uestion11

What type of environmental control do you require
for your battery area?

Batteries installed in fhcility maintained at 70F nominal using HVAC o% 0’% o’%
Batteries installed in a thermally insulated area with no HVAX provision 67% 83% 81%

No environmental controls required for battery area 33% 17% 19’%

~uestion 12

Do you use temperature compensation during battery charging operations?
Yes 91% 86% 86%

No 9~o 14~o 14%
~uestion 13

Do you directly monitor one or more battery temperatures during
battery charging operations?

Yes 73% 86’% 84%

No 27% 14~o 16%0

)uestion 14
If you have had experiences with thermal runaway in any of your
battery systems, please indicate the NUMBER of events: TOTAL

VRLA, GEL 5 0 5
VRLA>AGM o 0 0
Flooded Lead-antimony 12 0 12
Flooded Lead-calcium o 0 0

)uestion 15
Has your company had any people injured due to lxittery explosions
or electrolyte spillage?

Yes
No 100’%0 100VO 100%

@estion 16
Has your company been involved with any incidents of a wiring
or building fire that were a direct result of PV or system wiring
or component failure?

Yes
No 100’XO 100VO 100?40

--- —-. . . .
1. Weighted average: Small= 12; Large=88 (based on see ‘1able 2-6) A-PART4.XLSQ1O-16
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Section 3
RESULTS: SURVEY B

BATTERY MANUFACTURER

INTRODUCTION

In January 1996a survey was sent to 10 battery manufl-wturers(see Appendix D, page 4) asking them to
complete a three page questionnaire with seven questions (see Appendix B). Nine of the 10 manufiwturers
responded to the survey

1. C&D Charter Power
2. Concorde Battery Corporation
3. Delco~elphi Energy (GMC)
4. East Penn Manufacturing
5. GNB
6. Industrial Battery Engineering (IBE)
7. Johnson Control Inc. (JCI)
8. Trojan Battery Company
9. U.S. Battery

PURPOSE

There were two primary objectives of this part of the survey. Fir% it was to collect information regarding
manufacturing contacts and products that would be of interest to the PV industry. And secondly, it was to
determine what information that battery manufacturers needed from the PV industry.

RESULTS

Question 1. Whois theprimaiy contact in your company forphotovoltaic batteries? Contacts are listed
in Table 3-1.

Question 2. Hirveyou participated or do you plan to participate in any of the following conferences?
Eight of the nine manufacturers responded to this question and their responses are listed in Table 3-2.
Manufacturer’s names were removed from the responses in Table 3-2 in order to maintain the potential
proprietary nature of this inllormation.

Question 3. Listproducts that you presently recommedforphotovoltaic systems orfeel would work
well in PVsystems. Results are tabulated in Table 3-3.

Question 4. Do you have a comprehensive “Application Guide” for yourphotovoltaic system
customers? An application guide tells a customer how to apply the battery in a specific applicatio~
whereas a “data sheet” deals primarily with specifications. Results are tabulated in Table 3-4. These
results show that none of the nine respondents had an Application Guide, although four indicated that
they would have such a guide by the end of 1996.
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Question 5. Which of the followingparameters (i.e., data and specl~cations) do you provide? This

table was identical to the table sent to system integrators (see Table 2-18) so that information available
fi-ombattery manufacturers could be compared with design tiormation needed by integrators. While
most battery manufiwturers indicated that such data is available, it is usually neither available in the
form of a data sheet nor readily available in any other form to the system integrator.

Question 6. What could the PVindustry do to stimulate your interest in developing “PVBattery Data

Sheets” and “PVSystem Application Guides”? This the only question in Survey B that asks for a
response in form of text. Eight of the nine respondents provided comments (Table 3-6). Responses
were very candid and provide significant insight into the batte~ manufkturer’s point of view.

One response in particular provided a very important comment “Listen to the battery industry when
we tell you we need constant voltage regulators, higher end voltage limits, and higher limits for low
voltage disconnects. This respondentknows what has been killing batteries in PV systems!

Question 7. IfSandia National Laboratories’ Photovoltaic Design Assistance Center were able to
expand the program to provide assistance in developing the market for batten-es in PVsystems,

please indicate your areas ofpreference (1 = highestpriority, 2 = lowestpriority). Results are

tabulated in Table 7. Respondents ranked the following two categories as Hkzhest Priori@:

1. &sist in the development of application guides or application notes (four 1s) and
2. Perform surveys to define the market (five 1s).
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TABLE 3-1. CONTACT LIST
Company NamefTitle Address TelephoneKbx/e-mail
C&D Charter power Larry Meisner 3043WaltonRoad 61O-828-9OWx239

Pm&d Manager Plymouth Meeting, PA 19401 610-834-7334

Concorde Battery Ed Mahoney 2009 San Bernardino Road 818-813-1234 x502
Sales Manager W. CovinZ CA 91790 818-338-3549

GeneralMotors, Mark Borarn 7601 E 88th Place 317-579-4952
Delphi Energy prod. Eng., Energy Storage Indianapolis, ~ 46256 317-579-3651

East Penn Mfg. Co Clyde Elium Deka Road 610-682-6361
Vice Pres., Stationary Lyon Station, PA 19536 61O-6S2-4781

GNB Technologies Stephen Vechy 829 Parkview Blvd. 708-691-7886
PV Sales& Marketing Mgr. Lombard, IL 60148 708-629-2635

SteveVechy@aol.com
kdustrial Battery Gerald F. Rusaea 9121 DeGarmo Ave 818-767-7067
Engineering(@E) SalesManager Sun Valley, CA 91352 818-767-7173

Johnson Controls Tom Ruhhnann 900 E. Keefe Ave., PO Box 591 414-967-6540
;JCI) Teehnieal StZ_viCeMgr. Milwaukee, WI 53201 414-961-6506

Thcmas.E.Ruhhnann
@SCI.COM

IYojanBattery Jim DliZOS 12380Clark Street 800-423-6569x300
ProductManager SantaFe Spring%CA 90670 310-906-4033

U.S.Battery DonaldWallace 1675SampsonAve 909-371-8090
VicePresident Coron~ CA 91719 909-371-4671

BATT-BH.XLS Q]
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TABLE 3-2. TRADE SHOW PARTICIPATION
Haveyouparticipatedordoyouplanonparticipatingin anyof the followingconferences?

IEEE REDI
COMPANY ASES Pvsc SOLTECH NREL SEER UBG UPVG OTHER

A 1994 x SCC-21
1995 x SCC-21
1996 x x SCC-21
1997 SCC-21
1998 SCC-21

B 1994 x SCC-21
1995 x SCC-21
1996 x SCC-21
1997 x SCC-21
1998 x SCC-21

c 1994 x
1995 x
1996 x
1997
1998

D 1994 x
1995
1996
1997
1998

E 1994 x
1995 x
1996 x
1997 x x x
1998 x

F 1994 TradeShow
1995 TradeShow
1996
1997
1998

G 1994 SCC-21
1995 SCC-21
1996 SCC-21
1997 SCC-21
1998 SCC-21

H 1994 x x x SCC-21
1995 x x x SCC-21
1996 x x x SCC-21
1997 x x x SCC-21
1998 x x x SCC-21

I 1994
1995
1996
1997
1998

ASES AmericanSolarEnergySociety BATT-BH.XLSQ2
IEEEPVSC InstituteofElectrical& ElectronicEngineers:PhotoVoltaicSpecialistsConference
SOLTEC SoiarTechnology
NREL NationalRenewableEnergyLaboratory
REDI/SEER RenewableEnergyDevelopment Instituteand SolarEnergy ~xpo & Rally

SCC-21 LEEEStandardsCoordinatingCommittee21
UBG UtilityBattery Group
UPVG UtilityPhotoVoltaicGroup
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TABLE 3-3a BATTERIES RECO*NDED FOR PV SYSTEMS
AH,20 hr Plates Technology Typical app. Data sheet?

Company Model volts rate [1] [2] [3] (YES or NO)
C&D CharterPower RHD-130 2 146 c AGM RH,TC>H Yes
Ct2D CharterPower RHD-190 2 218 c AGM RH,TC~H Yes
C&DCharterPower RHD-250 2 290 c AGM RH,TCZH Yes
CAD CharterPower RHD-315 2 364 c AGM R.HyTCZH Yes
C8ZDCharterPower RHD-440 2 508 c AGM ~TC~H Yes
C42DCharterPower RHD-600 2 654 c AGM RH,TC>’H Yes
C&D CharterPower HD-300 2 360 c AGM RH,TC>H Yes
C&D CharterPower HD-400 2 480 c AGM IWLTCSH Yes
C&D CharterPower HD-500 2 600 c AGM RH,TC>H Yes
C&D CharterPower HD-700 2 840 c AGM RFL,TCZH Yes
CAD CharterPower HD-900 2 1080 c AGM RH,TC>H Yes
C&D CharterPower HD-lloo 2 1320 c AGM RH,TC>H Yes
C&DCharterPower HD-1300 2 1560 c AGM RH,TC>H Yes
ConcordeBattery PVC-1234 12 33 AGM TC,TM,L Yes
ConcordeBattery PVC-1248 12 48 AGM TC,TM,L Yes
ConcordeBattery PVC-1260 12 60 AGM TC,L Yes
ConcordeBattery PVC-1272 12 72 AGM TC,LJil Yes
ConcordeBattery PVC-1280 12 80 AGM TC,L,H Yes
ConcordeBattery PVC-1285 12 85 AGM TC,L,H Yes
ConcordeBattery PVC-128695 12 95 AGM TC,LJ3 Yes
ConcordeBattery PVC-12105 12 105 AGM TC,LJ3 Yes
ConcordeBattery PVC-4D 12 210 AGM RH,TC~,H Yes
ConcordeBattery PVC-8D 12 255 AGM RH,TC,L,H Yes
ConcordeBattery PVC-6180 6 180 AGM RH,TC~,H Yes
Delphi Energy DAS2000 12 105 c FL All Yes
East Penn Mfg. S75 2 V/cell 100-2000 A FL No -1996
East Penn Mfg. S85 3 V/cell 100-2001 A FL No -1996
East Penn Mfg. Sloo 4 V/cell 100-2002 A FL No -1996
East Pem Mfg. 8GU1 12 see c GEL Yes
East Penn Mfg. 8GU1H 12 &ta c GEL Yes
East Penn Mfg. 8G22NF 12 sheet c GEL Yes
East Penn Mfg. 8G24 12 c GEL Yes
East Penn Mfg. 8G27 12 c GEL Yes
East Penn Mfg. 8G30H 12 c GEL Yes
East Penn Mfg. 8GGC2 12 c GEL Yes
East Penn Mfg. 8G4D 12 c GEL Yes
East Penn Mfg. 8G8D 12 c GEL Yes
GNB 6-50A-05 12 120 H AGM All Yes
GNB 6-50A-07 12 180 H AGM All Yes
GNB 6-50A-9 12 240 H AGM All Yes
GNB 6-50A-11 12 300 H AGM All Yes
GNB 6-50A-13 12 360 H AGM All Yes
GNB 6-50A-15 12 420 H AGM All Yes
GNB 6-90A-05 12 200 H AGM All Yes
NOTES:
1. Plates: A- Antimony,C - Caiciq H - hybrid
2, Technology: FL- FloodedLead-Acid,GEL - VRLAgel, AGM - VRLAAGU N - Ni-cad
3. Most typical application: RH-remotehome, TC<-tekzom <200W, TC>-teleeom>200W, TM-telemetry,

L-lighting, W-water pumping, H-hybrid
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TABLE 3-3b. BATTERIES RECOMMENDED FOR PV SYSTEMS (Continued)
m20hr Plates Technology Typical app. Data sheet?

Company Model volts rate [1] [2] [3] (YES or NO)

GNB 6-90A-07 12 300 H AGM All Yes

GNB 90A-09S 2 400 H AGM All Yes
r.m 6-90 A-1 1 12 500 H AGM All Yes

GNB 12 600 H AtiNf All Yes

GNB I 6-90A-15 I 12 700 H AGM All Yes
r.?ifl? 6-90A-17 6 800 H AGM All Yes

I
-. .- 1 , , ,

1 6-90A-13
.- . -.

-. .- 1 ----- —- ,
nxm ? mlA *C I L

UIND J ->”rL-b ,

GNB 3-1OOA-13
GNB 3-1OOA-15 6 I 800 I H I AGM I
P.NR 3-1OOA-17 K Onn u Ar~ih., &.- 1 ------ . I
.x - 9 lllfl A lCl

----
GNB 3-1OOA-23 ~ I 1?&n I u I

GNB 3-1OOA-25
GNB 3-1OOA-27
GNB 3-1OOA-29
GNR 3-1OOA-31

“ ,“” . . . .-..1 All Yes

Ulws I 3-7 UA-L1 I 6 1000 H AGM All Yes
GNR Z-90A-23 6 1100 H AGM All Yes
UIND I J-7Wfl-&2I u 1200 H AGM All Yes
m-lm Q-onA-97 6 1300 H AGM All Yes

6 680 H AGM All Yes
All Yes

“ ,“” . . . . . . .. All Yes
ulY13 I 3-l UUI-L-17 I 6 1020 H AGM All Yes
GNR 3-1OOA-21I 6 1140 H AGM All Yes

v .2”” . . AGM All Yes
6 1360 H AGM All Yes
6 1480 H AGM All Yes
6 1600 H AGM All Yes
6 1700 H AGM All Yes
6 1820 H AGM All Yes
2 2040 H AGM All Yes
2 2400 H AGM All Yes
2 2700 H AGM All Yes
2 3060 H AGM All Yes

GNB I 1-lUUA-Oj I 2 3420 H AGM All Yes
(mm? 1-100A-69 I 2 3780 H AGM All Yes

& -r””” . . . . . . . . All Yes
2 4440 H AGM All Yes

2 4800 H AGM All Yes
2 5100 H AGM All Yes
- <ALn u AO-h~ A11 v..

GNB 3-1OOA-33
GNB 1-1OOA-39
GNI? 1-1OOA-45
GNB 1-1OOA-51
GNB 1-1OOA-57
—-— -. AA.- A

-. .-
GNB ;-; OOA-75 7 I hnm I u I AP.NX I

GNB 1-1OOA-81
GNB 1-1OOA-87
GNB 1-1OOA-93
GNB 1-1OOA-99 A J’tvu LL Au Avl l-xl,

Single Cell Modules:
GNB 50A-05S 2 120 H AGM All

GNB 50A-07S
GNB 50A-09S
GNB 50A-1 1S
m~m 50A-13S

<OA-l <S
Ul~ D I

CWi13 -“. . --- ,

GiiiT I 50A-17S I

i 180 H AGM All Yes
2 240 H AGM All Yes
2 300 H AGM All Yes
2 360 H AGM All Yes
2 420 H AGM All Yes
2 480 H AGM All Yes
2 540 H AGM All Yes
2 620 H AGM Ail Yes
2 680 H AGM All Yes

NOTES:
1. Plates: A - Antimony,C - Cdciwq H - hybrid
2. Technology: FL - FloodedLead-Aci&GEL - VRLAgel, AGM - VRLAAGU N - Ni-ead
3. Most typical application: RH-remote home, TC<-telecom<200W, TC--telecom>2OOW,TM-telemet

L-lighting, W-waterpumping, H-hybrid
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I 4 --- 1 I . . . . . . AH Yes
1 400 I H I A GM All Yes

--- 1 1 . . . ... All Yes
I 600 I H AGM All Yes

TABLE 3-3c. BATTERIES RECOMMENDED FOR PV SYSTEMS (Continued)

&20hr Plates Technology Typical app. Data sheet?
Commmv Wndel— volts rate rll r21 [3] (YESor NO)

GNB 50A-25S 2 740
GNB

-W.“. All Yes
50A-27S 2 800

GNB
H AGM All Yes

90A-05S 2 200 H
GNB

AGM All Yes
90A-07S ‘

GNB 90A-09S
GNB

, ------
90A-11S 2 I 500 1 H I AP-M

GNB 90A-13S 2
GNB

----.-
90A-15S 2 700 H

GNB
AGM All Yes

90A-17S 2 800 H
GNB

AGM All Yes
90A-19S 2 900 H

GNB
AGM All Yes

90A-21S 2 1000 H
GNB

AGM All Yes
90A-23S 2 1100 H

GNB
AGM All Yes

90A-25S 2 1200 H
GNB

AGM All Yes
90A-27S 2 1300 H AGM

GNB
All Yes

100A-13S 2 680 H
GNB

AGM All v..
100A-15S 2 800 H AGM

GNB
All

100A-17S 2 ““n ““ “--- .—

GNB IOOA-17S 2
P–Am .- A..,.”

.--.-.z-

J
GNB IOOA-21S z.
GNB 1OOA-23S ‘? I 1260 I H I I
GNB

AGM
1OOA-25S

GNB .
1

1OOA-27S 2 I 1480 1 H I i-i
GNB 1OOA-29S
GNB 1OOA-31S 2

. ““
1700 H AGM ii

GNB
Yes

1OOA-33S 2 1820 H AGM All Yes
Sunlyte:
GNB 1: 12 92 H AGM—

Yuu H AtiM All Yes
900 H AGM All Yes

IUIWD . I II II IA-l YX

4

z 1020 El AGM All Yes.
1140 H A(+M All Yes

i
L .---.- All Yes
2 I 1360 ! H I A GM All Yes

1
I I . -GM All Yes

2 I 1600 1 H AGM All VI=.

Resource Commander:
(7NR I

12-5000X

~
Dcnn nI

-. .- 1 “-<

-.—

I All I Yes II
12 180 A FL, -~ 255 A FL mL1-12
1213501 AI FT a~L,W,H Yes

,W,H Yes
RELL,W,H Yes
RILL,W,H Yes
RHyL,W,H Yes

LiNB 6-6JAL-U
GNB 6-85RC-9
GNB 6-85RC-1 12 440 A
GNB

ii
6-85RC-1 -? 535 A

GNB
FL

6-85RC-1 ~ 630 A
GNB

FL y
6-85RC-1 ! 720 A

GNB
FL

6-85RC-1 ! 815 A FL
GNB 6-85RC-2
GNB

,
6-85RC-2 12 I 1000 I A- I i; t

GNB 6-85RC-2
GNB 6-85RC-2
GNB 6-851’-- t

GNB 6.X51

1=:;12
12 19101 AI F_

I
, I 1095 I A I FL

- --
1 -- I .- tiL;W;H Yes

12 wL,W,H Yes
12 I 1190 I A I FL ~L,W,H Yes

I 12 1280 i A FT. ~L,W,H Yes
, -- I .-

1 RFLL,W,H Yes,m I , .“,-. 1 . 1 -- ————
I 12 I 1375 I i- I i;, - ---

Ifmlq I 6-851xL-J I IL i 141U I A I FL I ~L,_W,H I=
NOTES:

Yes I
1. Plates: A-Antimony, C - Calci~ H - hybrid
2. Technology: FL - Flooded Lead-Aci& GEL - VRLA gel, AGM - VRLA AG~ N - Ni-cad
3. Most typical application: RH-remote home, TC<-telecom<200W,TC>-telecom>200W,TM-telemetry,

L-lighting, W-waterpumping, H-hybrid

V221972:39PM SEC-3.DOC 3-’7



TABLE 3-3d. BATTERIES RECOMMENDED FOR PV SYSTEMS (Continued)
!AFL20 hd Plates I Technology ITypical app. I Data sheet? 1

Company Model volts rate [1] [2] [3] (YES or NO)

IndustrialBatte~ En 3-SSN-9 6 270 A FL WL,W Yes

IndustrialBatteryEn 3-SSN-11 6 338 A FL ~L,W Yes

IndustrialBatteryEn 3-SSN-13 6 406 A FL ~L,W Yes

IndustrialBatteryEn 75N 2 A FL ~L,W Yes

IndustrialBatteryEn 85N 2 A FL ~L,W Yes

IndustrialBatteryEn 9 PL 2 389 A FL l@L,W Yes

IndustrialBatteryEn 1lPL 2 461 A FL ~L,W Yes

IndustrialBatte~ En 13PL 2 554 A FL ~L,W Yes

IndustrialBatteryEn 15PL 2 646 A FL I@L,W Yes

IndustrialBatte~ En 17PL 2 738 A FL WL,W Yes

IndustrialBatteryEn 19PL 2 830 A FL ~L,W Yes

IndustrialBatteryEn 21PL 2 923 A FL ~L,W Yes

IndustrialBatteryEn 23PL 2 1015 A FL ~L,W Yes

IndustrialBatteryEn 25PL 2 1107 A FL WL,W Yes

IndustrialBatteryEn 27PL 2 1199 A FL ~L,W Yes

IndustrialBatteryEn 29PL 2 1292 A FL I@L,W Yes

IndustrialBatteryEn 3lPL 2 1384 A FL ~L,W Yes

IndustrialBatteryEn 33PL 2 1476 A FL ~L,W Yes

Johnson Controls U1-31B 31 c GEL varied Yes

JohnsonControls GC 12400B 40 c GEL varied Yes

Johnson Controls GC 12550B 55 c GEL varied Yes

JohnsonControls GC 12v75B 75 c GEL varied Yes

Johnson Controls GC12V1OOB 90 c GEL varied Yes

TrojanBattery T-105 6 225 A FL ~L,H Yes

TrojanBattery T-145 6 244 A FL ~L,H Yes
TrojanBattery L-16 6 350 A FL ~H Yes
TrojanBattery J-305 6 305 A FL I@H Yes

TrojanBatte~ J-250 6 250 A FL WH Yes

Trojan Battery 27 TMH 12 115 A FL RHT. Y(X

TrojanBatk

-%-t-- -E-xH=+
1151 AIFL

--7-

e 27 TMX 12 I 105 I A I FL I wL Yes‘--

Trojan Battery Scs 150 100 I A FL NL Yes

Trojan Battery Scs 200
Trojan Battery SCS 225 12 130 A FL I F
Trojan Battery 30 XHs 12 130 A ---

U. S. Batte~ US 250 6 250 A FL RE@w Yes

U. S. Battery us 305 6 305 A FL ~L,W Yes

U. S. Battery L16 6 350 A FL WL,W Yes

U. S. Battexy 1-HC 6 95 A FL R.FLL,W Yes

U. S. Battery US 185 12 195 A FL ~L,W Yes

U. S. Battexy EV-145 12 145 A FL ~L,W Yes

BA’IT-BH.XISQ3

NOTES:
1. Plates: A - Antimony, C - calci~ H - hybrid
2. Technology: FL - FloodedLead-AcidjGEL - VRLAgel, AGM - VRLAAG~ N - Ni-cad
3. Most typical application: RH-remote home, TC<-telecom <200W, TC>-telecom>200W, TM-telemetry,

LAighting, W-water primping, H-hybrid
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TABLE 3-4. APPLICATION GUIDE AVAILABILITY

Question 4. Do you have a comprehensive
“Application Guide” for your photovoltaic
system customers? (Definition: An
application guide tells a customer how to
apply the battery in specific applications,
whereas a “data sheet” deals primarily with
specifications.)

MANUFACTURER YEs NO

C&D CharterPower x
Concorde Battery
Delco/Delphi Energy
East Penn Mfg.
GNB
‘hdustrial Battery
Johnson Controls
Trojan Battery
‘us Battery [

x
x
x
x
x

x

DATE AVAILABLE

1996

Sep-96
Sep-96

BA’IT-BH.XLS Q4
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TABLE 3-5* DATA SHEET PARAMETERS
5. Do youprovidethe followingforyourbatteriesused in PV

A systemx C&d Concorde Delc@elpbi

Date Date Date

PARAMETER(S) YES NO Avail YES NO AvrdlYES NO Avail

1 Nominalbatteryvoltage 1 1 1

2 Amp-hourcapacityatC18 1 1 *

3 Amp-houreapaeityatC120 1 1 *

4 Amp-hourcapacityatCI1OO 1 1 1

5 Specificgravity 1 *

6 Self-dischargeratevstemperaturevs lifetime 2 1 1

7 Physkalcharacteristics;dimensions,terminalsize,weigh~pkgd
weight,size 1 1 1

8 Recommendedchargingvoltagevs temperaturevs chargerate 1 1 1

9 Recommendedcontrollersetpointsforon-offcontrollersvs charge
rate 1 1

10 cost 1 1 1

11 Electrolytefreezingpointvs SOC 2 1 1

12 Batterylife vs averagedaily DOD, vs temperature 1 1 1

13 Warranty (and warranty restrictions) If so, how long? * 1 1

14 General testing& charging requirements * 1 1

15 Recommended equalization voltage, frequency 1 1

16 Series/parallel rewmmendations * 1 1

17 Plate construction and additives (V. antimony, Y. calcium)
* 2 1

18 Reserve electrolyte capacity NIA 2 1

19 Sustained overcharge rate (rewmbination rate) 2 2 2

20 Allowed and prefixred orientations (e.g., upside down) 1 1 1

2 1 Available dry charged N/A 2 2

22 Amp-hour efilciency at 20% DOD w lifetime vs other variables 2 1 2

23 DisposaUrecycling instructions * 1 1

24 Recommended maintenance schedule * 1 2

25 Maximum shelf life * 1 1

26 Shipping hazard code 2 1

27 State of Charge (SOC) vs Voe 2 *

28 SOC vs battery voltage at C120 2 1 1

29 SOC vs battery voltage 2 1 1

30 SOC as a fimction of battery voltage atother various
chargeldischarge rates 2 1

31 SGC as a function of specific gravity at various charge/discharge
rates N/A 2 2

32 Maximum system voltage to ground 2 2

* Available on Request BATT-BI-LXLSQ5a
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TABLE 3-5b. DATA SHEET PARAMETERs
/5. DOyouprovidethe followingforyour batteries used in PV 1 I I

B s~temx EastPenn Mfg. GNB IBE
Date Date

PARAMETER(S Date
YES NO Avail YES NO Avail YES NO Avai

1 Nominalbatteryvoltage 1 1 1
2 Amp-hourcapacityat C/8 1 1 2
3 Amp-hourcapacityat C120 1 1 1
4 Amp-hourcapacityat CI1OO 1 1
5 Specificgravity

1
1 1 1

6 Self-dischargerate w temperature.w lifetime 1 1 2
7 Physioalcharacteristics;dimensions,terminalsize,weigh~pkgd

weight,size 1 1 1
8 Rmwrnmendedchargingvoltagevstemperaturew chargerate 1 1 1
9 Recommendedcontrollerset pointsforon-offcontrollersvs charge

rate 1
10 cost

2
1 1

11 Electrolytefreezingpointvs SOC 1 1 1
12 Batterylifevs averagetiny DOD,vstemperature 1 1 1
13 War-ran@(andwarrantyrestrictions)If so, howlong? 1 1
14 Generaltesting& chargingrequirements 1 1 2
15 Rermnmendedequalizationvoltage,fiequenq 1 1 2
16 Serieslparallelrecommendations 1 1
17P late emstructionand additives(% antimony,% calcium) 2 1 2
18 Reserveelcctrolfiecapacity 1 1 2
19 sustaincdoverchargerate (remmbinationrate) 2 1 2
20 Allowedand preferredorientation (e.g.,upsidedown) 1 1 2
21 Availabledrycharged 1 1 1
22 Amp-hourefficiencyat 20’?LoDODvs lifetimevs othervariables 1 1 1
23 Disposal/recyclinginstructions 1 1
24R

2
eamunendedmaintenamxschedule 1 1 1

25 Maximumshelf life 1 1 2
26 Shippinghazardaxle 1 1 1
27 State ofCharge(SOC)vs Voc 1 1 1
28 SOCvs batteryvoltageat C120 1 1 1
29 S(3Cvs batteryvoltage 1 1 1
30 sOCas a fimctionof batteryvoltageat othervarious

chargeldlschargerates 1 1 2
31 s0(2 as a fimctionof specificgravityat variouscharge/discharge

rates 1 1 1
32 Maximumsystemvoltagetn ground 2 1 2

● AvailableonRequest BATT-BI-LXLSQ5b
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TABLE 3-5c. DATA SHEET PARAMETERS
5. Do youprovidethe followingforyourbatteriesusedin PV

c s@em= JCf Trojan U S Ilattery
Date Date Date

PARAMETER(S) YES NO Avail YES NO Avail YES NO Avail

1 Nominalbatteryvoltage 1 1 1

2 Amp-hourcapacityatC18 1 1 2

3 Amp-hourcapacityatc120 1 1 2

4 Amp-hourcapacityatCI1OO 1 1 2

5 Specificgravity 1 1 1

6 Self-dischargeratevs temperaturevs lifetime 1 1 1

7 Physicalcharacteristics;dimensions,terminalsize,weight,pkgd
weight,size 1 1 1

8 Recommendedchargingvoltagevs temperaturevs chargerate 1 1 1

9 Recommendedcontrollersetpointsforon-offcontrollersvs charge
rate 2 1 2

10 cost 1 2 1

11 Electrolytefreezingpointw SOC 2 1 1

12 Batterylife vs averagetiny DGD,vs temperature 2 1 1

13 Warranty(andwarrantyrestrictions)If so, howlong? 1 1 1

14 Generaltesting&chargingrequirements 1 1 1

15 Recommendedequalizationvoltage,frequency 1 1 1

16 Series/parallelrecommendations 1 1 1

17 Plateconstructionandadditives(%antimony,%calcium) 1 1 2

18 Reserveelectrolytecapacity 1 1

19 Sustainedoverchargerate(rewmbinationrite) 1 2 1

20 Allowedandpreferredorientations(e.g., upsidedown) 1 2 2

21 Availabledrycharged 2 2 1

22 Amp-hourefficiencyat20%DODvs lifetimevs othervariables 2 2 1

23 Disposal/rayclinginstructions 1 1 1

24 Rmm-unendedmaintenanceschedule 2 1 1

25 Maximumshelf life 1 1 1

26 Shippinghazardcode 1 1 1

27 StateofCharge(SOC)vs VOC 1 1 1

28 SGCvs batteryvoltageatC[20 2 2 9-96 2

29 SOCvs batteryvoltage 1 1

30 SOCas a functionof batteryvoltageatothervarious
chargeldischargerates 2 2 1

31 SCICas a finctionof specificgravityat variouscharge/discharge
rates 2 2 1

32 Maximumsystemvoltageto ground 2 2 1

*AvailableonRequest BATT-BH.XLSQ5c
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TABLE 3-6. DEVELOPMENT OF DATA SHEETS& APPLICATION GUIDES
6. What could the PV industry do to stimulate your interest in developing PV Battery “Data
Sheetsn and “PV System Applications Guides”?

C&D ] System Integratorscan provide typical data requiredor needed for sizing, installation,

Concord

Delco/ Delphi
EastPenn

GNl -

and maintenanceof systems. List @pied charge ecmtrollersused and fiical
Speeifieations.
We havedone much to provide informationto this mafke~ i.e., testing, da@
temperatureperformance,and cyclelife. The PV industry still needsto fiuther supply
batteryinformationon real applicationrequirements. Listen to the battery industry
whenwe tell you we need constantvoltage regulators,higher end voltagelimits aud
hider limits for low voltme disconnect; - -

Continueto showhow much world-widebatteryvolumeis availablefor sales.
East Penn Manufacturingis interestedin the PV market. As we proceedon ajob-to-job
basis we will developdata sheets. Any informationis alwayshelpful.
By completingthe AbsolyteIIP data shee~ GNBhas completePV data sheetsfor the
produetswe activelymarket to the PV industry. A systemapplicationguide is our next
priority. I feel it is very important to addressPV from the systemsstandpointbeeause
this is the only way to asw-e that the produet meets customerexpectstioils.

Industrial Define any new applications that could utilize deep cycle lead acid batteries. Expand on
how settingbatterybanks in parallel ean provide the capacityneeded.

JCI This is alreadyon our agenda and will be published in September1966
Trojan TrojanBatte~ Companyis in the process of developingapplicationspecificliterature

for renewableenergy. An ApplicationGuidewill follow.
U.S. Battery No emnments

&ORDTAELE

TABLE 3-7 SNL ASSISTANCE IN MARKET DEVELOPMENT
Question 10. If Sandia National Laboratones’PhotovoltaicDesign AssistanceCenterwereable to expandthe
programto provideassistancein developingthe market for batteries in PV systems,please indicateyour areas
ofpreference. (1= highest prioriW, 5 = lowestpriority)

Numberof responsesftom nine manufacturers
#ls #2s #3s *S #5s

Assistin the characterizationof batteriesor PV specifications 1 4 0 1 1
Assistin the developmentof “applicationnotes or guides” 4 0 4 0 0
Performsurveysto definethe market 5 2 1 0 0
Providetechnical liaisonbetweenthe PV & batte~ industries 1 1 1 4 5

~ORDTABLE]
Other (notes):
#6.

#7.
#8.

What the needs would be for Power Companiesto promoteturn-keybatterysystemswherethey couldlease,
sell, or rent systems.
Developcomparisonofvarious charging schemesvs. Insolation Ltie, and Application.
It wouldbe extremelyvaluablefor Sandia to evaluateand publish studiesrelativethe balanceof systemsneeds,
such as, eontrollerset points relativeto controlchargetechnologyand batterytechnology.For example,Sandia
or IEEE shouldpublish findings that ordoffcontrol set points optimizefloodedbatteries at (........), or VRLA
(gel)batteriesat (.......). orVRLA (AGM)batteries at (.......).
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Section 4
RESULTS: SURVEY C

CHARGE CONTROLLER MANUFACTURER

INTRODUCTION

In January 1996a survey was sent to 10 charge controller rnanufiwturers (see Appendix D, page 5) asking
them to complete a three page questionnaire with 10 questions (see Appendix C). Eight of the ten
manufacturers completed the survey:

1.
2.
3.
4.
5.
6.
7.
8.

Ananda Power Technologies
Heliotrope General
Morningstar Corporation
Polar Produets
Specialty Concepts Inc.
SunAmp Power
Sunwize Energy Systems Inc,
Trace Engineetig

The primary purpose was to characterize and quantify the type of charge controllers used in PV systems.
In additiou the purpose was to eolleet tionnation that would be of interest to the PV industry in utilizing
the best controller for their application. A final objective was to determine what information that charge
controller manufacturers needed from the PV industry and battery manufacturers to provide abetter or
more effkctive charge ecmtroller.

The charge controller is the “heart” of a PV system since the charging algorithm and set points determine
how effectively and efficiently that the batteries charge - or whether the batteries charge at all.

Undercharging a flooded-vented battery will cause it to sulfate, greatly reducing battery life. Overcharging
a valve-regulated lead acid battery will cause it to dry out thereby greatly reducing its life. The charge
ecmtroller has more influenee on Me cycle cost than any other component (since it can ruin a bank of
batteries within a few months!) and it is the component in a system that should reeeive the most attention

(e.g., appropriate set points and algorithm).

RESULTS

Note: All of the results presented in this section are based on the responses of the eight respondents. No
attempt has been made to extrapolate these results to the total U.S. market or the total worldwide market.

The responses from the eight respondents are n@ weighted by sales volume. Two of the eight respondents
have about 55% of the market in terms of volume and dollars (see Table 4-6). On the other end of the
scale, two suppliers together have less than 2°/0of the market. Each individual response carried an equal
weight when averaged or totaled.
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Question L Please assign a percentage to each market sector that you presently supply.

Results are reported in Table 4-1. Individual responses varied significantly by market sector. The
average percentages for each market sector was about equally distributed by sector, but with stand-
alone homes and telecommunications each with about 24% market “share”.

Question 2. What is your company ‘sposition on temperature compensation of the regulation setpoints?
Sixty-two percent of the respondents feel that temperature compensation is vital (requir@ not optional)
while another 25°/0f6el that it is important but optional. Those companies offering the temperature
sensing element as “optional” maybe doing so to reduce the apparent cost of the product.

Question 3. How does the consumer select the charging settings for your charge controllerproducts?

Seven~-five percent provide field-adjustable settings. This is an important feature since batteries may
be replaced with a lype different than the original batteries. Only one of eight manufacturers supplies a
iixed set point device.

Question 4. mere do you get the information for selecting the recommended charge voltage settings?
This questio~ buried in the middle of a dozen questions, may well be the most important question of
the entire survey, since correct set points are essential for reasonable battery ltie (see Purpose on Page
4-l). Note that 6270 of the mamd%turers get the battery set points from experience, nm from the
battery manufacturer. Only 25°A use values recommended by battery manufacturers. One reason
may be that the majority of charge controllers use the ON/OFF algorith.q and battery manufiwturers
have characterized batteries with constant voltage limits. One rnanufkturer uses set points based on
customer fdback -- probably because the customers are often system integrators who have years of
experience charging batteries with PV. Another reason for these responses will be apparent from
Question 5.

Question 5. Do you receive adequate informationfiom battery manufacturers regarding the

performance of batteries in PVSystems?

Only one of eight manufacturers responded with “yes”. One of the goals of this survey is to ident@
the information needed by the charge controller rnanufhcturers and to make battery manufacturers
aware of the need.

Question 6. Ifbatteiy manufacturers publish data speclfing appropriate charge algorithms and set
points, wouidyoupass those recornmenalrtions along to your customers?
The answer was unanimous with eight “yes” responses. Charge controller manufacturers are clearly
enthusiastic about implementing the proper algorithms and set points. Although changing algorithms
would require development time and funds, there is no cost associated with using the optimum set
points.

Question 7. Wouldyou a@st your product line to support those recommendations [see Question 6].
All eight respondents checked “yes”.

Question 8. Do you have questions regarding the performance of any of your charge controllers?
This question is subjective and open to interpretation. The responses, in general, indicate that

manufltcturers feel that they understand the requirements for charging flooded-vented battezies much
better than VRLA batteries.
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Question 9. How may calls per month do you receivefiom dis~”butors or users regarding the proper
use of your product.

Four manufi-icturersget from”1 to 20” calls per month. One rnanufhcturer gets over 100 calls per
month. Note that there is a wide difference in the volume of products by each manufacturer. There has
been no attempt hereto correlate the number of calls to the volume of product sold.

Question 10. ~Sandia National Laboratories’ Photovoltaic Design Assistance Center were able to

expand the program to prow”de assistance in developing the market for batteries, PVsystems, please

indicate your areas ofpreference.

The highest priority was equally distributed among “Assist in the development of Application Notes or
Guides”, “Pefiorm surveys to define the market”, and “Provide technical liaison between the PV and
battery industries”. The number 2 priority was “Assist in the characterization of batteries or PV
Specillcations”.

Question 11. Please$ll in the chart on the nextpage with information regarding all products that you

manufacture or plan to manufacture in the~ture.

While this request was not phrased as a questio% we will treat it as a question so as to maintain the
above format. The complete product offerings of the eight respondents are listed in Table 4-5.

The number of units sold by make and model were also reported in the chart Question 11. These data
are confidential and therefore were not included in Table 4-5. A summary of consolidated data are,
however, presented in Table 4-6, but without manufiwturers’ names in order to maintain the
confidential nature of the data. These data show that total wiles for the eight manufacturers are 41,184
units and $5,207,127 for an average retail cost of $126.44 per unit.

Table 4-6 also shows moderate to very rapid growth rates (units) for each manufacturer, ranging fi-om
118% to 528Yo! Ifall of the expectations in growth were to be realiz~ the growth rate for 1995 to
1996 for these eight manufacturers would be 203’XO.Given that PV module sales may grow 15-20’%0
over this same peri~ it is unlikely that total charge controller unit sales would increase more than 20-
25% (allowing for new sales and replacement sales), since there is a close correlation between the
number of PV watts shipped per year and the number of charge controllers required. This means that
for a supplier to increase market share fhster than the industry growth rate, it must come from another
suppliers market share. Discussions with some of the eight respondents indicate that much of the
growth will occur due to exports, and the collective controller growth rate for the eight respondents
could be 203% for 1996.
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TABLE 4-1. QUESTIONS 1-7
Question 1 Please assign a percentage to each market sector you presently supply.

Individual Responses, YO Ave.

Stand-Alone remote home systems 39% 52’%030% 070 35% 10’% 0’% 30% Ovo

Stand-Alone PV lighting systems lVO 070 10% 10% 10’XO 5’%0100% 3’% 0’%0

Hybrid power systems 10% 2’% 5’%020% 10% 65% 070 20% 0’%0

Telecommunications 38~o 5yo 40% 70% 10% 15% o% 2% 0’%

Recreational vehicles 12’%041% 15’%0 0’% 35’XO15’XO 070 15% o%

Question 2 What is your company’sposition on temperaturecompensationof the regulationset point?
IndividualResponses Total

Vital and Standard x x x x x 5
hnportant but @tiOIld x x 2
Not Important o
CausesProblems o
Not Enough tiormation x 1

Question 3 How does the cmsumer select the charging settings for your chargecontrollerproducts?
IndividualResponses Total

Fixed x 1
Adjustable x x x x x x 6
2 set points - Flooded& VRLA x 1

Question 4 Wheredo you get the informationfor selectingthe recommendedchargevoltage settings?
IndividualResponses Total

Experience x x x x x 5

Battery Manufacturers x x 2

CustomerFeedback x 1
Do Not Provide o

Question 5 Do you receiveadequateinformationfrombatterymanufactoremregardingbatte~
performancein PV Systems? IndividualRespouses Total
Yes I I I x I I 1
No x lx lx lx x lx lx 7

Question 6 Ifbattery manutlacturerspublish data Spe@ing appropriatechargealgorithmsand
set points, wouldyou pass those recommendationsalong to your customers?

IndividualResporises Total
Yes x lx lx lx lx x lx lx 8

No o

Question 7 Wouldyou adjustyour product line to supportthose recommendations?
IndividualRe~ roses Total

Yes x lx lx lx lx x lx lx 8

No o
SURVEY2RL?ilGBH.XLS QI-7

Note: none of the averages or totals in Questions 1 through 7 were weighted by sales volume for each
manufacturer (two of the eight manufacturers have about 55% market share).
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TABLE 4-2. QUESTION 8
IQuestion8. Doyou have questionsregardingthe performanceof anv ofvour chame controllers? i. .

Total number of reSPOnsesfrom 8 manufacturers
No I Yes

YBHXLS 08

Flooded [1] AGM [2] Gell [3]
Abilityto fidly chargebatteries? 6 1 2 1
Appropriateregulation set points? 3 2 4 4
AppropriateLVD set points? 3 2 4 5
Produet reliability? 7 0 1 1

Note 1. Flooded-vented batteries: Any batterywith an electrolyte that flows freely within each cell.
Note 2. AGM. A battery in which the electrolyte is immobti in a porous glass mattebetween the positive

and negative plates. Sometimes referredto as a “starved electrolyte” b~tterydue to the electrolytebeing
immobilizedin the glass matte. Ty@ealbrand names, for example GNB, Concorde,Power Sonic.

Note 3. (Gel Electrolyte) A VRLA battery in which the electrolyteis immobilizedin a thixotropicgel. ~ical
brand names, for examplec Johnson (Xmtmls,Deka, Sonnenschein,Exide.

TABLE 4-3. QUESTION 9
lQuestion 9. Howmany callsper month do you receiveiiom distributors or users regarding I
the properuse of your produet?

Total number of resporisesfrom 8 manufacturers
1-20 4
21-50 2
51-100 1

C-BHXLS@ More than 100 1

TABLE 4-4. ‘QUESTION 10
Question10. If SandiaNationalLaboratories’PhotovoltaicDesign AssistanceCenterwereable to expandthe
programto provideassistancein developingthe market for batteries in PV systems,pleaseindicateyour areas
ofpreference. (1= highest priority; 5 ‘ lowestpriority)

Number of responsesfrom eight manufiwturers
#ls #2s #3s ##s #5s

Assist in the characterizationofbatteries or PV specifications 1 3 0 3 1
Assistin the developmentof “applicationnotes or guides” 3 1 3 0 1
Performsurveysto definethe market 3 2 2 0 1
Providetechnicalliaisonbetweenthe PV &battery industries 3 1 0 2 2
SW4TextTable
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Section 5
SUMMARY AND CONCLUSIONS

INTRODUCTION

The overall purpose of the survey was achieved:

Purpose:
1. quantify the market for batteries shipped with (or for) PV systems in 1995,
2. quant@ the PV market segments by battery type and application for PV batteries,
3. charactetie and quanti~ the charge controllers used in PV systems,
4. charactetie the operating environment for energy storage components in PV systems, and
5. estimate the PV battery market for the year 2000.

The estimate of the PV battery market for the year 2000, however, was not available from the survey
responses since most respondents did not provide this information. This estimate was achieved by a “top-
down analysis and presented in Seetion 2 of this report.

Conclusion flom the three-part survey will be discussed individually for each of the three parts. Overall
conclusions will follow discussions for the three parts.

SURVEY A. SYSTEM INTEGRATORS

The purpose of Sumey A was to quant@ the market for batteries shipped with (or for) PV systems in
1995, quant@ the PV market segments by battery type and application for PV batteries, and estimate the
PV battery market for the year 2000.

Eight often Large System Integrators responded to the survey and 13 of 18 Small System Integrators
responded to the survey for an overall return of 72 percent.

Survey A was segmented into four parts: 1) Battery Sales Da@ 2) Battery Information Needed For PV
System Desi~ 3) PV System Operating Conditions, and 4) Hybrid System Issues.

Part 1. Battery Sales Data

TowDown Market Analvsis

The majority of results presented in Part 1 are based solely on summary results from the 21 System

Integrators that responded to the survey. These summary results are, to a large extent representative of the
worldwide market and therefore can be extrapolated. However, the summary results do not provide a
means to estimate total PV battery sales for either the U.S. market or the worldwide market. In order to

put the data from Part 1 in perspective, a Top-Down Market AnaIysis was developed to quantifi the
volume of bdferies instnlled in PV ~y~em~. The top down analysis is based on an industry wnsensm

rule of thumb which states that for a typical PV system the equivalent of one 12V-1OO amp-hour battery is
used for each 50 watts (peak) of PV modules installed. Since the number of PV watts shipped each year
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(both U.S. and worldwide) is well known and published by recognized PV marketing expertsl, it is a
straight forward process to estimate the total number of batteries installed in PV systems each year. Key
conclusions from this analysis for 1995 are:

+ Worldwide sales of PV batteries = 2,961,000 kwh
“ Worldwide wholesale value for PV batteries shipped in 1995 was $302 million
+ Worldwide total installed capacity of PV batteries = 10,519,000 kwh
* U.S. sales of PV batteries in 1995= 340,515 kwh
* U.S. sales of PV batteries in 1995= $34.7 million
● The 21 System Integrators supplied about 14 percent of the U.S. PV battery market (in terms of dollar

sales)

The approximations which went into these calculations limit the accuracy to about+= 25 percent.

summaryOf Results From The 21 Svstem Intcwrators

The total cost of batteries purchased by the 21 System Integrators in 1995 was $4.8 million at a unit
volume of 26,308. The “topdown” market analysis showed the total worldwide PV battery market in 1995
to be approximately $302 million and 2,961 MW’hof batteries shipped. This is equivalent to about 2
million 12V-100 AH batteries. The U.S. share of this market is approximately 11.5 percent or 34.7 million
dollars (340,5 15 kwh). Therefore the 21 System Integrators supplied about 14 percent of the U.S. PV
battery market in terms of wholesale dollars and about 13.6 percent of the worldwide kwh sales. These
data indicate that many U.S. end users buy their PV batteries directly from a battery supplier and not from
a system integrator.

A summary of 1995 sales for the System Integrators is shown in Table 5-1. Seventy-one percent of the

dollars were spent on valve-regulated batteries, and valve-regulated batteries cost 88 percent more than
flooded-vented batteries per kwh ($ 128/kWh Vs $68/km respectively). The use of valve-regulated
batteries increased by 145 percent from 1991 to 1995, while the use of flooded-vented batteries increased
by 117 percent in units, but decreased by about 25 percent in dollars. One reason given by a large
integrator for the trend toward VRLA batteries is that the risk of flooded-vented batteries not being watered
properly is too high.

TABLE 5-1. TOTALS FOR ALL BATTERIES [a]

1995

TECHNOLOGY #of units Y. of #1 $ (Wholesale) ~0 of $1 kWh ‘%o-kWh $/km

VALVE-REGULATED 16,846 6470 $3,390,782 71~o 26,524 57V0 $128

FLOODED-VENTED 9.462 36~0 $1.370.060 29% 20.012 43~o $68

ITOTAL I 26,308 100YOI $4,760,842 100%I 46,536 100’XO $102 I

Note a. Rices are fOr battery modules only, i.e., prices do not include balance of system hardware.

A-PART1WJM-DATU-TABLES95T.&C

~based on averagesof data from conversation with Bob Johnson of StrategiesUnlimited (May 1996), and Paul
Maycockof PV News, February 1996. Johnson and Maycockare two of the leadiig PV industry expertswho
haveprovided technologyand market reports (includinghistorical and forecastedPV salesdata) for about hvo
decades.
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GNB was the dominant battexy supplier in this survey with 47 percent of the dollars (30% of the kWh) of
all batteries sold by the Integrators.

The eight Large System Integrators sold 78 percent of the units and captured 88 percent of the dollars,
compared to the 13 Small System Integrators. These data ve~ that the eight Integrators identified before
the survey as “large” were properly categorized. Small System Integrators sold 16 pereent of the valve-
regulated units and 33 percent of the flooded-vented units.

The primary applications for valve-regulated batteries were telecommunications (40%), telemetry (13%),
and lighting (9Yo)(see Table 5-2). About 80 percent of all teleeammmications, telemetry applications and
lighting applications used VRLA batteries. Thirty percent of ~ flooded-vented batteries were used in
hybrid systems, 31 percent in telecommunications, and 17 percent in remote homes. Note in Table 5-3 that
hybrid systems, as a category, used 89 percent flooded-vented batteries. The preference for VRLA
batteries or flooded-vented batteries depends to a large extent on the market segment that the battery serves.

TABLE 5-2. TOTALS (loo~o)”BY TECHNOLOGY kWh (EXPRESSED IN %)
TECHNOLOGY RH TC< TC> TM L W H VUKN TOTALS
VALVE-REGULATED 7% 6% 34’% 13% 9’% 29’0 3% 3% 23% 100%
FLOODED-VENTED 1770 2% 29% l% 2’% 2% 30% 13V0 4’% 100’?40
TOTAL 1l% 4% 32% 8% 6% 2% 15% 770 15% 100VO

-----
V UKNl TOTALS(

TABLE 5-3. TOTALS (100%) BY APPLICATION; kWh (EJ@IUISSED JN ‘A)
TECHNOLOGY I RE TC< Tc> ~ L w H
VALVE-REGULATED I 35% 8170 61% 94% 85% 59V0 ll% 23’70 89’MoI 57?4
FL
TOTAL I 100% 100% 100% 100% 100% 100% 100?4 100% Ioovnl lti%

.00DED-VENTED i 65’70 19’% 39% 6% 15% 4170 89% 77% 11%1 43~ol

F , ---- -..—- ---- ------- . . 1
-----

!
H= Hybrid L = Lighting TC< = Tel~mm~mtiom less @ 200 w(~) pv
RH = RemoteHome TM= Telemetry To= Telecommunicationsgreaterthan 200-WQ&3k)PV
UKN= unknown V= VillagePower W= WaterPumping
A-PARTIWM-DAII1-TABLESkWb

Valve-regulated batteries are heavily skewed toward 12 Volt modules (60%); 35 percent were 6 Volt
modules, and only five percent were 2 Volt modules. Flooded batteries were skewed toward 2 Volt

modules (45 percent); 42 pereent were 6 Volt modules, and 12 percent were 12 Volt modules (Table 5-4).

In terms of amp-hour size, valve-regulated batteries were grouped in the 100-400 AH bin for 6 Volt
modules and the 0-200 AH bin for the 12 Volt modules. Flooded batteries were more broadly distributed in
the 600-3,000 AH range at 2 Volts, 200-400 AH at 6 Volts, and 1400-1800 AH at 12 Volts (clearly
modules, not individual monolithic units).

TABLE 5-4. kWh BY BATTERY VOLTAGE
AH FLOODED

RANGE 2volt 6 Volt 12 volt 2 volt 6 Volt 12 volt 24 Volt
KWH TOTALS 1,406 9469 15,749 9,198 8J18 2,417 80
‘/oof TOTAL 5.3% 35.3% 59.4% 46.0% 41.6% 12.1% 0.4%

TOTALS 26324 20,012
L&=PARTIWJM-DA’llKwH.XLS
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Part 2. Battery Information Needed For W System Design

This part of the survey asked Integrators what information they needed horn the battery manufacturer in
order to properly design PV systems with optimum performance and minimum liiie-cyclecost. Integrators
ranked 29 parameters in terms of importance (l=Essential, 2=Usefid, 3=Not Important). The first 20
parameters were ranked between 1.0 and 2.0 (average of all 21 Integrators). These dak presented in
Table 2-19, page 2-20, are essential tiormation for all battery manul?wturers that serve the PV market.
The parameter ranked most impoxlaut was “Cost”.

Part 3. PV System Operating Conditions

Part 3 profiles the Integrators’ application of PV hardware, their approach to PV system desi~ and the
environment into which PV systems are placed.

Integrators reported that 80 percent of their charge controllers use an ON-OFF algorithm. The ON-OFF
algorithm is by fhr the most diflicult charge management algorithm for which to define voltage set points;
battery manufiwturers rarely, if ever, speci@voltage set points for ON-OFF algorithms. This difficulty
was emphasized by a battery manuflwturer

...Listento the batteryindustrywhen we tell you that we need constantvoltageregulators,higher end
voltage limits, and higher limits for lowvoltagedisconnects.

There appears to be a trend toward the use of pulse-width modulated algori@ temperature compensation
and more concern regarding the set point value. Only 25°/0of the Integrators reported that they used the
battery mauufitcturer’s recommended set points (probably because most battery rnamd%cturers do not
provide this information).

Integrators reported that they get about 78 percent of the advertised battery cycle ltie, regardless of whether
they were of the Flood~ Absorbed Glass Mat or Gel technology.

None of the 21 Integrators reported the use of nickel-cadmium batteries (i.e., all were lead-acid batteries).

Responses show that Large Integrators use larger sa.fktymargins in designing and sizing battery storage
systems than do Small Integrators. For example, Small Integrators design systems with twice the discharge
rate than do Large Integrators (twice the discharge rate means one half the number of “no sun days”).

About 60 percent of integrator respondents use temperature compensated voltage regulators in their charge
controller systems. In compariso& 88 percent of charge controller respondents (Section 4, page 4-4,
Question 2) felt that temperature compensation was either vital or important.

The last question in Part 3 asked in what areas would the Integrators like assistance from SNL. The
respondents clearly want assistance in the characterization of batteries for PV specifications (data sheet
values), with 54 percent of Small Integrators showing this as the highest priority and 7I percent of the
Large Integrators showing this as the highest priority.
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Part 4. Hybrid System Issues

For the purposes of this repo~ hybrid systems are defined as stand-alone systems with two or more lypes
of power generating sources, one of which is photovoltaics. The purpose of Part 4 was to ident@ unique
characteristics and requirements of hybrid systems.

When batteries are wired in parallel, a fimlt in a single cell can sink current from the parallel strings,
creating an unsafe condition and the potential for a fire or explosion. Battery rnanufhcturers generally do
not specify the number of strings that can be paralleled. Forty-three percent of the System Integrators limit
paralleling to three or four strings. Surprisingly, NO Large System Integrators (out of 7 that responded to
this question) marked the catego~”9 or more”.

For&-eight percent of the Small Integrators’ business was hybrid systems, compared to 16 percent for
Large Integrators. This may be due to the &et that Small Integrators provide PV systems for remote
homes, which often use a backup generator.

The majority (52%) of hybrid system batteries are flooded-vented lead-acid with antimony additive to the
plates. None of the Integrators reported using flooded-vented batteries with lead-calcium plates. Forty-
eight percent of the batteries were of the valve-regulated lead acid technology (both absorbent glass mat
and gel).

SURVEY B. BATTERY MANUFACTURER

This survey was designed to: a) collect information regarding contacts and products that would be of
interest to the PV industry and b) to determine what iniiormationthat battery rnanufiwturers needed from
the PV industry. Nine of the ten battery manufacturers that received the three page questionnaire
responded.

A list of contacts for the nine respondents was develop~ which includes name, address, voice and
fkcsimile numbers, and where available, an e-mail address (Table 3-1, page 3-3). In additio% a list of
batteries suitable for PV systems is tabulated for each respondent. The table includes tiormation
regarding make, model, voltage and amp-hour rating, plates, technology, typical applications, and data
sheet availability.

None of the nine respondents indicated that they had an “Application Guide for PV Customers” available at
the time that the survey was submitted. However, four indicated that they will have an application guide
available by the end of 1996.

Battery rnanufiwturers received a table identical to the System Integrator form in Survey ~ Part 2: Battery
Information Needed For PVSystem Design. All nine battery manufacturer respondents indicated that they
had most of the tiormation defined by the 20 parameters that Integrators considered most important.
Utiortunately, these data are typically not included in product literature and therefore they are not readily
available to the Integrator.

Respondents were aslcedto iclent@ what the PV inclustry could do to stimulate battery manufheturer
interest in developing “PV Battery Data Sheets and PV System Application Guides”. The response from
Concord Battery was very specific:
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We have done much to provide information to this rnarke~ i.e., testing, da~ temperature
performance, and cycle Me. The PV industry still needs to fi.uther supply battery inllormation on
real application requirements. Listen to the battery industry when we tell you we need constant
voltage regulators, higher end voltage limits, and higher limits for low voltage disconnects (e.g.,
1.92 v/cell =90’% discharge).

This report will get the Concord message to the PV industry and provide the ‘%attery information on real
applications”.

The last survey question asked in what areas would the Integrators like assistance from Sandia.
Respondents ranked two categories as Highest Priority: 1) Assist in the development of application guides
or application notes and 2) Petiorm surveys to define the market.

SURVEY C. CHARGE CONTROLLER MANUFACTURERS

Survey C was sent to 10 of the largest U.S. manuticturers of charge controllers. Eight mamu%cturers
responded to the survey.

The purpose of Survey C was to: a) characterize and quant@ the charge controllers manufktured in the
U.S., b) collect information of interest to the PV industry, and c) determine what information that the
charge controller manufiwturers need fkomthe PV industry and battery manufacturers.

Two of the eight respondents had about 55 percent of the U.S. units and dollars volume in 1995. On the
other end of the scale, NO manufacturers had less than 2 percent of the market. The total volume and sales
for the eight manufiwturers are shown in Table 5-5. A 203 percent growth rate in unit volume is very
significant since worldwide growth of PV sales is on the order of 20 percent per year. Much of the growth
shown in Table 5-5 will be due to exports of U.S. charge controllers.

TABLE 5-5. CHARGE CONTROLLER SALES AND PROJECTIONS
units, 1995 Dollar Sales, 1995 Projected Units

Mfg. units VOOfTotal $ ‘/0 OfTotal 1996 96195
TOTALS 41,184 100% $5a07,127 100’?/0 83,675 203%

CBH.~ QIlC

Charge controller manufkturers answered with one YES aud seven NOS to the question “Do you receive
adequate tiormation from battery rnarmfhcturers regarding the performance of batteries in PV Systems?”

1/22/97 2:40 PM SEC-5.DOC 5-6

Respondents were asked to rank order areas that they would like assistance from Sandia. The highest
priority was equally distributed among “Assist in the development of Application Notes or Guides”,
“Perform surveys to define the market”, and “Provide technical liaison between the PV and battery
industries”. The number 2 priority was “Assist in the characterization of batteries (e.g., set points) for PV
specifications”.



GENERAL CONCLUSIONS AND RECOMMENDATIONS

The Survey

This survey provided a) quantification and characterization of batteries and charge controllers used in PV
systems, b) characterization of the operating environment in which batteries and charge controllers are
us~ and c) fdback from PV System Integrators, battery manufacturers, and charge controller
rnanufiwturers defining what tiormation each needs to optimize PV energy storage systems.

Sandia National Laboratories Assistance

Survey respondents identified areas of fwus by each of the three industries (IW System Integrators, Battery
Manufacturers, and Charge Controller Manufwturers) in which they would like Sandia National
Laboratones’ assistance. The high priority areas identified were: a) assist in the development of
application guides or notes, b) assist in the characterization of batteries for PV data sheet values, c) provide
technical liaison between the PV and battery industries, and d) perform surveys to define the market.

Information Exchange

This Final Report will serve as an Normation exchange tool among the three elements of PV energy
storage systems: PV System Integrators, battery manufacturers, and charge controller manufacturers.
Names, companies, and phone/fiw numbers identified in this report will allow direct communications
among key participants in each of the three industries.

Respondents to the survey indicated a need for continued support by SNL in the collection and
dissemination of in.iiormationrelated to PV system ener~ management. Information exchange and
information dissemination is most effective when done on a regular basis. There is a significant benefit to
SNL continuing to serve as the f~ point for PV Energy System ir@ormationand generatio~ collectio~
and distribution by: a) expanding the contact list developed herein to all interested individuals, i.e., the
LIST, b) creating an intemet web site for easy access to existing battery storage information and as a
means for industry to ask questions and contribute tiorrnatio~ c) distribute a quarterly “news letter” of
summary information to the LIST via e-mail, and d) distributing an annual report via e-mail to the LIST
plus a hard copy to the Department of Energy and other selected individuals.
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APPENDIX A

SURVEY FORMS

Survey A: System Integrator Survey

..



ArizonaStateUniversity
Collegeof Engineeringand AppliedSciences
Center for EnergySystems Research
Box875806
Tempe,Arizona85287-5806
602/965-0377; Fax 602-965-0745
e-maikhauunond@enuxsa.eas.asu.edu

SURVEY A:
SYSTEM INTEGRATOR SURVEY

Survey A is divided into four parts:

Part 1: Battery sales data
.

Part 2: Battery information needed for PV system design
Part 3: Typical operating conditions for PV systems
Part 4: Hybrid system issues

Please complete all four parts of the survey and mail by February 15 in the envelope
provided to:

Bob Hammond

Center for Energy Systems Research CEAS
Arizona State University
BOX875806
Tempe, AZ 85287-5806

Thank you for participating in this survey.

Sincerely,

Bob Hammond
Director, Alternative Energy Development
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Arizona Skate University
Collegeof Engineeringand AppliedScien~es
Center for Energy Systems Research
Box 875806
Tempe,Arizona85287-5806
602/965-0377; Fax 602-965-0745
e-mail:hammond@enuxsa.eas.asu.edu

SURVEY A:
SYSTEM INTEGRATOR SURVEY

PART 1: BATTERY SALES DATA
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I SURVEY A, PART 1A. SYSTEM INTl

I I Actual 1995
Avg Unit COS

I MFG Model V-AH #of Batteries in$
VARTAI VBl ALLl I

, m 1
I EXDE I E1201 ALLI

GNB CMDR ALL
675RC-

13 12-474
17 12-632
19 12-711
23 12-869
27 12-1027

GNB TOTAL

\
IBE 75N 2-184

2-1476
2-750

2-1000
IBE TOTAL

TROJAN L-16 6-350
L-16
L-16

T-105 6-220
T-105

TROJAN TOTAL
}

I I I I
PACIFIC C. I 85A23 I 2-11601

US BAT 2200 6-220

Mlsc ALL ALL

TOTALS

RATOR SURVEY: FLOODED-VENTED BA’ITERIES
‘/0 of Total # of Batteries (1995) by Application Projected 2000

Avg Unit

RH TCZ TC> TM L w H v UKN #of Batteries cost in $

I** Application: RH remote home; TCK: telecom <200 watts TC>: telecom >200 watts,
TM: telemet~, L: lighting; W: water pumping; H: hybrid; V village power I

CONF1DENTL4L SURVEY
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SURVEY A, PARTIB. SYSTEM INTEGRATOR SURVEY: GNBBATTERIES
Actual 1995 Projected 2000

Avg Unit Cost Avg Unit
Series Model V-AH # of Batteries in $ ‘/oof Total # of Batteries (1995) by Application # of Batteries Cost in $

RH TCK TC> TM L w H v UKN

12-5000 12-100
12-5000

6-45A 12-xx
6-45A 7 140
6-45A 11 230
6-45A 15 320

75A
6-75A 7 12-235
6-75A 15 12-545
6-75A 15 12-545
3-75A 17 6-625
3-75A 19 6-700
3-75A 21 6-780
3-75A 23 6-860
3-75A 27 6-1015
3-75A 27 6-1015
3-75A 27 6-1015
3-75A 27 6-1015

85A
3-85A 25 6-1040
3-85A 31 6-1295
3-85A 31 6-1295
3-85A 33 6-1385

85A 39 2-1560
85A 51 Feb-65

ABSII MISC MIsc

TC)TALS

** APpli~ati~n:~:remotehome;Tc<:telecom K 200”watts; TC>: telecom >200 watts;

TM: telemetry; L: lighting; W: water pumping; H: hybrid; V: village power

CONFIDENTIAL SURVEY
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SURVEY A, PART lC. SYSTEM INTEGRATOR SURVEY: JCI BATTERIES
Actual 1995 Projected2000

Avg Unit Cost Avg Unit
Series Model V-AH #of Batteries in $ ?40of Total #of Batteries(1995)by Application #of Batteries Cost in $

RH TC< TC> TM L w H v UKN

GC12V1OO 12-90

GC12400 12-40

GC1OOB 12-100

GC6V200 6-200

UI-31 12-37

12120 12-12

1260 12-6

TXL2171O 2-1710

TOTALS

** Application. I/II remotehome, TC<: telecom<200 wamy TC>: telecom>200 watts;
TM: telemetry L: lighting W waterpmnping; H: hybrid; V village power

CONFIDENTIAL SURVEY
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ArizonaState University
Collegeof Engineeringand AppliedSciences
Center for EnergySystems Research
Box875806
Tempe,Arizona85287-5806
602/965-0377; Fax 602-965-0745
e-mail:hamtnond@en-.-.m.4u

SURVEY A:
SYSTEM INTEGRATOR SURVEY

PART 2: BATTERY INFORMATION NEEDED FOR PV SYSTEM DESIGN
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SURVEY A, PART 2; SYSTEM INTEGRATOR
BATTERY INFORMATION NEEDED FOR PV SYSTEM DESIGN

COMMENTS:

I* RANK; l-essential, 2-usefil, 3-not important
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ArizonaStateUniversity
Collegeof Engineeringand AppliedSciences
Center for EnergySystems Research
Box 875806
Tempe,Arizona85.287-5806
602/965-0377; Fax 602-965-0745
e-mail hammond@enuxsa.eas.asu.edu

SURVEY A
SYSTEM INTEGRATOR SURVEY

PART 3: TYPICAL OPERATING CONDITIONS FOR PV SYSTEMS
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SURVEY A, PART 3; SYSTEM INTEGRATOR

TYPICAL OPERATING CONDITIONS FOR PV SYSTEMS

1. What percent ofyourbalance of systemis providedby another systemshouse?

2. If batterymanufacturersrecommended specific setpoints for their batteries in PV systems, would you use
them?
a) Yes b) No C) I wotid evaluate the setpoints before deciding to use them

3. If batterymanufacturersrecommended specific charging algorithms for their batteries in PV systems, would
you use them?
a) Yes b) No c) I would evaluate before deciding to use them

4. What percentage of the advertised battery cycle life do you estimate that you get?

a) Flooded2 batteries:
o 0-20% o 20-40% o 40-60% o 60-80% U 80-100%

b) VRLA31AG# batteries:
c1 0-20% o 20-40’%0 o 40-60’%0 o 60-80% 0 80-10O%

c) GEL5WRLAbatteries:
o 0-20% o 20-40% a 40-60% o 60-80% 0 80-10O%

5. What percentage of your systems are designed for the following battery temperature extremes?

Low Temp (-60)-(-40) F (-40)-(-20) F (-20)-0 F 0-20 F 20-40 F 40-60 F

% I

High Temp 60-80F 80-100F 100-120F 120-140F 140-160F
%L

NOTE: The total ?4.in each table should equal 100%

6. What percentageofyour systemdesigns use:
0-20 20-40 40-60 50-80 80-100
‘?/0 ‘YO ‘?/0 ‘%0 %0

a. Temperature compensated voltage regul ators?
b. Battery AH capacity derated for expect WIlow temperature?
c. Load current compensated low voltage disconnect?
d. Battew specific graV@ adjusted for expected low temperature?

e. Insulated battery boxes (or Cool Cdl@?

21?loodedbatteries: Anybatterywith an electrolytethat flowsfreelywithin each cell.
3VRLA: ValveRegulatedLead-Aci4 a term used for batteriesdesignedfor internal recombimtion of hydrogen

and oxygen. The “sealed”valves on thesebatteriesare spring loadedto releaseat internal pressureshorn
2-9 PSI. Thesebatteriescan typicallyoperatein any positionbecausethe electrolytecannotbe spilled.

4AGM: A VRLAbattery in which the electrolyteis immobilizedin a porousglass matte betweenthe positive and

5GEL:

1/22/97

negativeplates. Sometimesreferredto as a “starvedelectrolyte”batte~ due to the electrolytebeing
immobilizedin the glassmatte. Typicalbrand names (doesnot includeall): GNB, Concorde,Power
sonic.
(GelElectrolyte) A VRLAbatte~ in which the electrolyteis immobilizedin a thixotropic gel. Typical
brand names (doesnot include all): Johnson Controls,Deb Sonnenschem Exide.

2:41PM APPE~A.DOC A-10



7.

8.

9.

What percentageof floodedbatteriesuse catalyticrecombine caps (i.e.Hydrocapsti)?
c1 0-20% a 20-40% o 40-60% n 60-80% 0 80-100%

A: cost _ B: LackofMormationonperformance C: Didn’t knowthey existed
If you don’tuse hydrocaps- why?

Doyou receiveadequateinformationfrom the manufacturerregardingbattery lifetimevs depthof discharge?
01@or)02 03 04 05 (Excellent)

Do youfeel that you have adequateinformationfrom the manufacturerregardingbatterylifetimevs
tenqxmmre? Yes No

10.

11.

12.

Whatpercentageof your stand-alonesystemsuse a maximumpower tracker?
o 0-20% o 20-40% o 40-60% 060-8070 0 80-10O’%

Whatpercentageof your systemsuse ni-eadbatteries?
o 0-20?40 o 20-40V0 o 40-60% o 60-80% Cl 80-100%

Whatpementageof your systemsoperateat the following averageamp-hourdischargera@

Dischargerate C/8-C/15 1 c/15-c/30 C/30-C/60 C/60-C/100 C1OO-CY2OO
LVD

NOTE: The total YOin this table should equal 100%

13. a. Whenbatteriesare nxeived, what do you estimateis the percentageof the rated amp-hourcapacitythey
will deliver?

o 0-20% o 20-40% o 40-60% o 60-80% 0 80-100%

b. Do youboostchargethe batteriesbeforeinstalling them in the field?
Yes No - If yes—7

Hoursof charge o-2 2-4 I 4-8 8-12 12-16 16-24
(checkbOX)

14. When designing a system and selecting a battery,what capacity value do you use the most?
(Indicatepercentage of batteries that fti into each catego~):
a) Manufacturer’sC/20 b) Manufacturer’sC/100 c) Othervalue:

15. What percentageof systemshave a typical@Qy-depth-of-dischargeof

FloodedBatteries VRLABatteries
0-5?’0ddy dod 0-59’0dailydod
5-10?40ddy dod 5-10~omy dod
10-15~oddy dod 10-15%@y dod
15-25V0tidy dod 15-25%@y dod
25-50%(hlilydod 25-50%ddy dod
50-100%ddy dod 50-100%ddy dod
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16. Low Voltage Disconnect (LVD)
a. Wheredo you get the informationfor yourLVD setting?
Batte~ mfg. literature Charge controllermfg. Experience

b. Do you adjust the LVD setpoint(s)for low or ~gh disc~ge mtes? _Yes No

c. WhatLVD setpoint(s) do you use? (based on a nominal 12Vdc system)

Discharge rate C/8-C/15 c/15-c/30 C/30-C/60 C/60-C/100 I CIOO-C/200
LVD

d. When selecting an LVD setpoin~what is your singlemost important criteria in your decision:
a. Reduceddepth-ofdischarge for increasedlifetime
b. Maximum usable capacity

e. What is the maximum depth-of-discharge(basedon LVD setting)youtypicallydesignfor?
-um percentageof amp-hoursremovedbeforethe lowvoltagedisconnect(LVD)is activated]

FloodedBatteries VRLABatteries
O-25%maximum dod 0-25%maximumdod
25-50’?40maximum dod 25-507. maximum dod
50-70?40maximum dod 50-70?40maximum dod
70-80%maximum dod 70-80940maximum dod
80-90’%maximum dod 80-90%maximum dod
9O-1OO?4Omaximum dod 90-100?40maximum dod

NOTE: Total in each column shouldequal 100’XO.

17. Charging Algorithms. For each controllertype, indicate in Row 2 the percentageof systemsthat match the
charge rate and in Row 3 the typical systembatterybank size. (i.e., total amp hours)

a. Seriesor shunt-untempting charge controller(i.e.,on/ofl).
percent of total systemsusing this algorithm?

o 0-20’% n 20-40% o 40-6070 0 60-80’%0 Cl 80-100%

1 Charge Rate C18-C115 C115-C130 C130-C160 CI6O-CI1OO cloo-c/2oo
2 %0
3 BatteryBank Size,AH

b. Constantvoltage.
0/0of total systemsusing this type algorithm?

o 0-20% u 20-40’70 0 40-60% o 60-80% Cl 80-100%

1 Charge Rate C/8-C/15 cr15-c/30 C/30-C/60 CI6O-CI1OO C1OO-U2OO

2 ‘?/0
3 Battery Bank Size, AH
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c. Puke width modulation.
0/0of systems using this type algorithm?

IJ 0-20% o 20-40’%0 o 40-60% o 60-80% 0 80-10O’%

1 ChargeRate C/8-C/15 c/15-c/30 C/30-C/60 CI6O-(Y1OOcloo-c/2oo
2 %
3 BatteryBankSize,AH

d: Other charging algorithm? . Define

e. What YOof total systemsdoyou install withoutchargecontrollers?(i.e., self-regulatingmodules)

18. Wheredo you get the tiormation for yourvoltageregulationsetting?
Batterymfg. literature Chargecontrollermfg. Prior experience
Astrologer Mother-in-Law My Dog

19. Whatvoltage regulationsetpointsdoyou use for 12V nominalbatteries? (Note Adjustfor 24/48 V systems.)
Lead antimony= motivepowerbatteries, Lead-calcium= standbykha.llowcyclebatteries

a. Series-interruptingand shunt-interrupting(i.e., on/o@.

ChargeRate C/8-C/15 c/15-c/30 C/30-C/60 C/60-C/100 cloo-c/2oo
Flooded

leacl-antimonv_. —. ——-

iilooded
lead-calcium
VRLAKM

VRLAIAGM

b. Constantvoltage.

ChargeRate C/8-C/15 c/15-c/30 C/30-C/60 C/60-C/loO cloo-c/2oo
Flooded

lead-antimony
Flooded

lead-calcium
vRLA/Gel

VRLAIAGM

c. Pulse width modulation.

ChargeRate C/8-C/15 C115-C130 C/30-C/60 c/60-(2100 cloo-c/2oo
Flooded

lead-antimony
Flooded

lead-calcium
VRLA/Gel

VRI.MAGM
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d. Sub-Arraycontrol (controllingby sub-sectionsof the array)
ChargeRate C/8-C/15 c/15-c/30 C130-C160 C/60-C/100 cloo-c/2oo

Flooded
lead-antimony

Flooded
lead-calcium
VRLA/Gel

VRLAIAGM

20. If SandiaNationalLaboratories’Photovoltaic Design Assistance Center wereable to expand the program to
provideassistancein developingthe market for batteriesin PV systems,please indicateyour areas ofpreference(1
= highestpriority; 5 = lowestpriority).

Assist in the characterizationofbatteries for PV specifications (data sheet values)
Assist in the development of “application notes” or “application guides”
Perform surveys to define the market
Provide technical liaison betwesn the PV industry and the batte~ manufacturer
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SURVEY A:
SYSTEM INTEGRATOR SURVEY

PART 4: HYBRID SYSTEM ISSUES

1122/972:41 PM APPEND-ADOC A-15



HYBRID SURVEY

For the purposes of this survey, a hybrid system is considered to be any system with more
than one power source that operates in an off-grid environment.

1. If you use parallel strings, hat are the maximum parallel strings you allow in a system?

_ Do not allow _ 2 — 3-4 — 5-6 — 7-8 _ 9+

2. At what battery size do you start to require battery grounding?

—All _ 1-5 Kwh _ 5-1o Kwh _ 10-100Kwh _ >100 Kwh

3. Do you ground conductive battery racks? Yes No

If yes, what is the average amount of leakage current you experience?

(Please express this as a fraction of the battery bank ampere hour size. For instance, a
2000Ah system with 2 amps of leakage current would be CI1OOO.)

4. What do you use as the upper charge limit (state of charge) for a battery being charged
by a mech~cal charger (generator, wind, hydro, etc.)?

5.

6.
charging setpoints?

Set them all the same irrespective of source.
Use different setpoints for different sources

Measured voltage
Ampere-hours input
Other, Explain:

What percentage of your systems use:

Integrated power centers (integrated charge controller, disconnects, etc.)
Components mounted separately (discrete charge controller, disconnects,

inverter, etc.)

In systems with various power generation sources, how do you determine the battery

.
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7. With regards to hybrid systems, please give an estimate of the percentage of your
business that is hybrid systems.

<10’??0 20’%0_ 30’XO_ 40% _ 50% _ 60% _ 70% _ 80%_ 90’% _ 100%— —

and the typical expected maximum daily depth-of-dkxharge:

<1 00/0 _ 20% _ 30% _ 40% _ 50%_ 60% _ 70% _ 80%_ 90% _ loOyo—

8. What percentage of your systems do you design with an expected increase in seasonal

depth-of-discharge?

_ 10% _ 20% _ 30’% _ 40~o _ 50% _ 60% _ 70% _ 80%_ 90% _ 100Yo

9. What is the maximum seasonal depth-of-discharge you allow in hybrid type systems? .,
(check one)

_ 10’XO_ 20?40_ 30?40 _ 40% _ 50’%0_ 60% _ 70Vo _ 80% _ 90% _ 100%

10. In a hybrid syste~ what type of battery technology do you recommend?

VRL~ Gel electrolyte
VRL~ AGM
Flooded Lead-Antimony
Flooded Lead Calcium
Whatever the customer will bear in cost (technology is not considered except

for cost).

11. What type of environmental control do you require for your battery area?

Batteries installed in facility maintained at 700F nominal ( or manufacturer
recommended value) using HVAC.

Batteries installed in a thermally insulated area with no HVAC provision.
No environmental controls required for battery area.

12. Do you use temperature compensation during battery charging operations?

Yes No

13. Do you directly monitor one or more battery temperatures during battery charging
operations?

Yes No
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14. If you have had experiences with thermal runaway in any of your battery systems,
please indicate the number of events for each battery type:

VRL~ Gel electrolyte
VRL~ AGM
Flooded Lead-Antimony
Flooded Lead Calcium

15. Has your company had any people injured due to battery explosions or electrolyte
spillage?

Yes No

Please indicate the number of incidents regardless of how insignificant they
may be.

16. Has your company been involved with any incidents of a wiring or building tire that
were a duect result of PV system wiring or component failure?

Yes No

Please indicate the number of incidents regardless of how insignificant they
may be.
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APPENDIX B

SURVEY FORMS

Survey B: Battery Manufacturer Survey
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SURVEYB
BATTERY MANUFACTURER SURVEY

1.

.

Who in your companyis the primay contactfor the photovoltaicbatteries?
Name Title:
Street mail code
City, State,Zip Code
Telephone: Fax: e-mail

z. Haveyou participatedor do you plan on participatingin any of the followingconferences:?
CONFERENCE 1994 1995 1996 1997 1998

A) ASES
B) IEEE PVSC
C) SOLTECH
D) NREL Reliability Workshop
E) REDI/SEER

~ UBG
G) UPVG
H) OTHER

3. Please list the products you presently recommend for photovoltaic systems or feel would work well in PV
systems.

# Model volts AH@ Plates Tech- Approx. Typical Data sheet
20 hr nology cost applications available?
rate [1] [2] $Iea. [3] (YES or

Whsle NO)
Retail [4]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

NOTES:
1. A - Antimony C - Calciuq H - hybri~ other (state)
2. Technology.’FL - FloodedLead-Acid, gel - VRLA gel, agm - VRLA AG~ N - Nica& other (state).
3. Most fypical application: RH-remote home, TC<-telecom <200W, TC>-telecom>200W, TM-telemetry, L-

lighting, W-water pumping, H-hybridj other (state)
4. If YES, pleaseattach data sheet. If NO, please statedate when data sheetwill be available.

1/22/97 2:46PM APPEND-B.DOC B-2 of 4



4. Do you havea comprehensive “Application Guide”for your photovoltaic systemcustomers? (Definition: An
applicationguidetells a customerhow to applythe battery in a specificapplicatio~ whereasa “data sheet”deals
primarilywith specifications.)

A) Yes(pleaseattach)
B) No
C) Weplanon releasingone on (date).

5. Do you providethe followingfor yourbatteriesused in PV systems:

# I Yes I No I Date

=EEl=
Avail

1
2
3
4

2=EI=
5
6
7

8
9
10

%=1=1=
11

12
13
14
15
16

3ZE
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

PARAMETER(S)

Nominal batteryvoltage
Amp-hourcapacityat C/8
Amp-hourcapacityat C/20
Amp-hourcapacityat C/100
specificgravity
Self-discharge rate vs temperaturevs lifetime
Physical characteristic, dimensions,terminal size,weight packagedweight
si m

Recommendedchargingvoltagevs temperaturevs charge rate
Recommendedcontrollerset points for on-off controlled vs chargerate
cost
ElectrolyteIieezingpoint VsSoc
Battery lifevs averagedailyDOD,vs temperature
Warranty(andwarrantyrestrictions)If so,howlong?
Generaltesting&chargingrequirements
Recommendedequalizationvoltage,frequency
Series/parallelrecommendations
Plate constructionand additives(% antimony,% calcium)
Reserve electrolytecapacity
Sustainedoverchargerate (recombinationrate)
Allowedand preferredorientations (e.g.,upside down)
Availabledry charged
Amp-hourefficiencyat 20% DODvs lifetimevs othervariables
Disposal/recyclinginstructions
Recommendedmaintenanceschedule
Maximum shelf life
Shipping hazard code
State of Charge (SOC)vs Voc
SOC vs batte~ voltageat C/20
SOC vs battervvoltace
SOC as a functionofbatteryvoltage at othervarious chargeklischargerates
SOC as a functionof specificgravityat various chargeklischargerates
Maximum systemvoltageto ground
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6. What could the PV industry do to stimulate your interest in developing “PV Battery Data Sheets” and “PV
System Application Guides”?

7. If the Sandia National Laboratories’ Photovoltaic Design Assistance Center were able to expandthe programto
provideassistancein developingthe marketfor batteries in PV systems,please indicateyour areas ofpreference(1
= highest priori~, 5 = lowestpriority).

Assist in the characterizebatteriesfor PV specifications(data sheetvalues)
Assist in the developmentof “applicationnotes” or “applicationguides”
Perform surveysto definethe market
Provide technieal liaison betweenthe PV industry and you (thebatterymanufacturer)
Other, please speci@
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SURVEY FORMS

Survey C: Charge Controller Manufacturer Survey
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1.

2.

SURVEY C

CHARGE CONTROLLER MANUFACTURER SURVEY

Please assign a percentage to each market sector you presently supply.

Market type Percentage of business

Stand-alone remote home systems
Stand-alone PV lighting systems
Hybrid power systems (multiple power source)
Telecomm
Recreational vehicles

What is your company’sposition on temperature compensationof the regulation set point?
(check one)

It is vital and is standard feature.
It is important but sold as an option.
It is not important.
It causes more problems that it is worth.
There is not enough informationon the worth of this feature.

3. How does the consumer select the charging settings for your charge controller products.

(check one)
They are fixed and must order according to battery type.
They are adjustable.

_ We have only two set points, one for flooded batteries and one for sealed (VRLA)
batteries.

4. Where do you get the information for selecting the recommended charge voltage settings:
(check one)

Experience
Battery manufacturers

_ Customer feedback
We do not provide suggested controller set points

5. Do you receive adequate informationfrom battery manufacturersregarding the
performance of batteries in PV systems?

Yes _ No

6. If battery manufacturers publish data specifying appropriate charge algorithms and set
points, would you pass those recommendations along to your customers?

_ Yes _ No

7. Would you adjust your product line to support those recommendations?
Yes _ No
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8. Do you have questions regarding the performance of any of your charge controllers?

No If yes: Flooded* AGM** Gell***

Ability to charge batteries filly
Appropriate regulation set points
Appropriate LVD set points
Product reliability

*Floodedbatteries:Anybattezywithanelectrolytethatflowsfreelywithineachcell.
**AGM. A battery in which the electrolyteis immobti in a porous glass mattebetweenthe positive

and negativeplates. Sometimesreferredto as a “starved electrolyte” battery due to the
electrolytebeing immobtii in the glassmatte. Typicalbrand names (doeanot includeall):
GNE, Concorde,Power Sonic.

**K3EL (GelElectrolyte) A VRLAbattery in which the electrolyteis immobilizedin a thixotropic
gel. Typicalbrand names (doesnot includeall): Johnson Controls, Deka, Sonnenschein,Exide.

9. How many calls per month (estimate) do you receive from distributors or users regarding
the proper use of your product? (check one)

_ 1-20
_ 21-50
_ 51-100

>100

10. If Sandia National Laboratories’ Photovoltaic Design Assistance Center were able to
expand the program to provide assistance in developing better information for the use of charge
controller manufacturers in PV applications, please indicate your areas of preference (1 =
highest priority; 5 = lowest priority).

Assist in the characterizationof batteries for PV specifications (data sheet values).
Assist in the developmentof “applicationnotes” or Application guides” for batteries.
Provide technical assistancefor charge controller manufacturers to characterize their
newly developedcharge controller products and algorithms.
Act as technical liaison between the battery manufacturers and the charge controller
industry.
Other

Please fill in the chart on the next page with information regarding all products you
manufacture or plan to manufacture in the future.
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Mailing Lists:

System Integrators - Large
System Integrators- Small

Battery Manufacturers
Charge Controller Manufacturers
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tSTEM INTEGRATOR CONTACT LIST: Large System Integrators
First I%onelFAX Company Address City State zip

Last
Received

L Ball Tim 36O-438-211O Applied Power 1210 Homaun Dr. SE Lacey, WA 98503 7/25/96

s Holz Chris 360-438-2115 Corp.

1 L Wilson 41O-686-25OO Atlantic Solar P(3 BOX70060 Baltimore, MD 21702 217196
Bruce

s 410-686-6221 Products

\ L Garvison Paul 301-663-8279 Integrated Power 7618 Hayward Road Frederick, MD 21702 2/20196

s 301-631-5199 Corp.

1 L Shugar Dan 415-871-2275 New World Power 150 Tehania Court San Bruno, CA 94066

s 415-871-2279

L Coleman Clint 802-496-2955 Northern Power 1 North Wind Road Moretown, VT 05660
5

s 802-496-2953 Systems

5 L Spotts Robert 602-948-8003 Photoeomm, Inc. 7681 East Gray Road Scottstik AZ 85260 3/22/96

s 602-483-6431

7 L Loomans Len 303-452-9383 RemotePowerCo., 12301North Grant Denver, CO 80241-3130 2/15/96

s 303-452-9519 Inc. Street#230

8 L Padula Jim 800-344-2003 SolarElectric P.O. Box 537 Willits, CA 95490 3/11/96

s 707-459-5132 Specialties

9 L Blalock Marshal 713-351-0031 SouthwestPV Inc. 212 East Main Tomball, TX 77375 2/14/96

s 713-351-8356

L Brandborg Dan 406-363-6924 Sunelco 100 SkeelsSt. Hamilton,
10

MT 59840-1499

s 406-363-6046
914-336-7700 SunwizeEnergy 1151FlatbrushRoad Kingston, NY 12401 3/8/96

11 L Kulik David
s 914-336-7172 SystemsInc.
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\YSTEM INTEGRATOR CONTACT LIST: Small System Integrators
Last First PhonefFAX Company Address City State zip Received

1 s Katz Dave 800-777-6609 Alternative Energy PO Box 339 Redway, CA 95560
707-923-3009 Engineering

2 s Russell Miles 617-890-8844 Ascension POB 314 Lincoln MA 01773 2/7/96
617-890-2050 TechnologyInc. Center,

3 s Willey Steve 208-263-4290 BackwoodsCabin 8530 Rapid Sandpoint, ID 83864 212/96
208-265-4788 ElectricSystems Lightning Creek

Rd.
4 s Cumin Cedric 517-835-7387 Currin Corporation 5307 SturgeonAve Midland, MI 48641-1191 2/15/96

515-835-7395
5 s Randall Jeff 505-889-3585 DirectWater& 3455-APrinceton Albuquerque, NM 87107 2/14/96

505-889-3548 PowerCorp. NE
6 s Amir Abtaki 407-393-7127 Geosolar 3401 N. Federal Boca Raton. FL 33431 3115196

407-393-7165 Hwy
7 s Gilman Dan 619-246-7733 GSE Solar Systems 17451RacoonAve Adelanto, CA 92301 2/15/96

619-246-5770 #12
8 s Heinz Mark 619-251-6886 Heinz Solar 16575Via Corto DesertHot CA 92240

East Springs,
9 s Hitney Gene 520-636-2201 HitneySolar PO BOX365 Chino AZ 86323 2/19/96

520-636-1664 Products Valley,
10 s Sagrillo Mike 414-837-2267 LakeMichigan 3971 BluebirdRd Forestville, WI 54213

414-837-7523 Wind & Sun
11 s Lauzon Pat 520-527-8017 NorthernArizona 2725 E Lakin Dr #2 Flagstr@ AZ 86004

520-527-0729 Wind& Sun
12 s Kaszeta Bill 602-834-7778 Photovoltaic 1902N. Country Mesa, AZ 85201 2/16/96

602-835-8480 ResourcesInt, ClubDr. #6
13 s Gunn,PE Allen 800-345-2575 Scientific 5960 E. Shirley Montgomery, AL 36117 2120/96

334-271-0818 Engineering Lane
14 s Simpler Al 904-576-5271 SimplerSolar 3118 W. Tharpe St. Tallahassee, FL 32303 2/14/96

904-576-5274 Systems,Inc.
15 s Collins Michael 619-581-0051 SolarElectric,Inc. 5555 Santa Fe St,, San Diego, CA 92109-1602 217/96

619-581-6440 Ste. J
16 s Robbins Steven 407-220-6615 SolarElectric PO BOX2165 Palm City, FL 34990 2/19/96

407-220-8616 PowerCo.
17 s Hurst Alan 407-286-9461 SolarOutdoor 3131 Waaler Street Stuart, FL 34997 2/16/96

407-286-9616 Lighting Inc.
18 s Slominski Lany 800-397-2083 United Solar 5278 Eastgatemall San Diego, CA 92121

619-625-2083 SystemsCorp.
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Last
Meisner

B Mahoney
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-ii-

-ii

Santangelo

Vechy

Holmquist

RuMmann

B Drizos

B

iii-

Wallace

Cook

—

;TURER CONTACT LIST

First Phone/FAX Company
Larry 610-828-9000 C&D Charter Power

610-834-7334 Systems
Ed 818-813-1234 Concorde Battery Corp.

818-338-3549
Mark 317-646-3824 Delco/Delphi Energy,

317-646-2628 GMC
Renwick 610-682-6361 East Penn Manufacturing

610-682-4781 Co. Inct
Stephen 708-691-7886 GNB

708629-2635
Bill 818-767-7067 Industrial Battery

818-767-7173 Engineering Inc.
Thomas 414-967-6540 Johnson Controls, Inc.

414-961-6506
Jim 800-423-6569 Trojan Battery Company

310-906-4033
Don 909-371-8090 U.S. Battew

909-371-4671

Gene 215-345-5272 Douglas Battery Co.
215-345-9241

Address City State zip Received

3043 WaltonRd. Plymouth PA 19462 2120/96
Meeting,

2009 SanBernardino West Covina, CA 91790 I 2/28196
Road
PO BOX2439 Anderson, IN 46018 2/19/96

1

Deka Road Lyon Station, PA 19536 2/16/96
f

829 ParkviewBlvd. Lombard, IL 60148-3249 3/22/96
r I

9121 DeGarmo Ave Sun Valley, CA 91352 I 2/20/96 I

P,O. Box 591 Milwaukee, WI 53201 2/15/96
[ I I

12380 Clark Street I SantaFe I CA 90670 I 3/18/96
Springs,

1675SampsonAve. Corona, CA 91719 2/2/96
1 1 I

PO Box 91 Furlong, PA 18925
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XIARGE CONTROLI

-

+-b-
T
4 lCIGerkin

5 I C I Jennings

++=

6 c Sams

7 C Staler

8 C Wise

+

IRCONTACT LIST
First PhonelFAX Company Address City State zip Received
Jack 916-292-3834 AnrmdaPower 14618TylerFootee Nevada City, CA 95959 2/23/96

916-292-3330 Technologies Road
Joe 304-485-7150 BobierElectronics, 37th & Murdoch Parkersburg, WV 26102

304-422-3931 Inc. Ave.
Sam 619-460-3930 HeliotropeGeneral 3733KenoraDr. Spring CA 91977 1/29/96

619-460-9211 Valley,
Ken 301-774-3107 MorningstarCorp. 3414Morningwood Olney, MD 20832 2/12/96

301-774-3072 Dr Suite200B.
Laurence 707-459-3211 Photron P,O. BOX578 Willits, CA 95490

707-459-2165
Arthur 310-320-3114 Polar Products 2808 Oregon Cl., Torrance, CA 90503 2/12/96

310-320-3135 Bldg. K-4
Terry 818-998-5238 SpecialtyConcepts, 8954 MasonAve. Chatsworth, CA 91311 2/19/96

818-998-5253 Inc.
Joe 602-833-1550 SunAmpPower 1902N. Country Mesa, AZ 85201 1/24/96

602-833-1711 ClubDr. #8
David 914-336-7700 SunwizeEnergy 1151FlatbrushRoad Kingston, NY 12401 1130(96

914-336-7172 SystemsInc.
Sam 360-435-8826 TraceEngineering 5917-195thN.E. Arlington, WA 98223 2120/96

360-435-2229 Comrxmv
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DISTRIBUTION LIST

Last First Company Address City State Zip
Hammond Robert MU 1971 E. Huntington Tempe AZ 85282-2848
50 COPIES Dr.
Amir Abtaki Geosolar 3401 N. Federal Hwy BocaRaton FL 33431
Ball Tim AppliedPowerCorp. 1210HomannDr. SE Lacey WA 98503
Blalock Marshal SouthwestPV Inc. 212 East Main Tomball TX 77375
Bobier Joe BobierElectronics,Inc. 37th & Murdoch Parkersburg WV 26102

Ave.
Boram

,
Mark Delco/DelphiEnergy, PO BOX2439 Anderson IN 46018

GMC
Brandborg Dan Sunelco 100 SkeelsSt. Hamilton MT 59840-1499
Coleman Clint NorthernPower Systems 1 North Wind Road Moretown VT 05660
Collins Michael SolarElectric, Inc. 5555 Santa Fe St., SanDiego CA 92109-1602

Ste. J
Cook Gene DouglasBattery Co. PO Box 91 Furlong PA 18925
Currin Cedric Currin Corporation 5307 SturgeonAve MMk@ MI 48641-1191
Dawson Sam HeliotropeGeneral 3733 KenoraDr. spring CA 91977

valley,
Drizos Jim TrojanBattery Company 12380Clark Street SantaFe CA 90670

springs,
Garvison Paul IntegratedPower Cap. 7618 HaywardRoad Frederick MD 21702
Gerkin Ken Morningstar Corp. 3414Morningwood Olney MD 20832

Dr Suite 200B.
Gihnan Dan GSE Solar systems 17451RacoonAve Adelanto CA 92301

#12
G- PE Allen ScientificEngineering 5960 E. Shirley Montgomery AL 36117

Lane
Heinz Heinz Solar 16575Via CortoEast DesertHot CA 92240

springs
Hitney Gene Hitney SolarProducts PO BOX365 chino AZ 86323

Valley,
Holmquist Bill IndustrialBattery 9121DeGanno Ave sun valley CA 91352

EngineeringInc.
Hurst Alan Solar OutdoorLighting 3131 Wader Street Stuart FL 34997

Inc.
Jennings Laurence Photron P.O. BOX578 Willits, CA 95490
Kaszeta Bill PhotovoltaicResources 1902N. Country Mew AZ 85201

Int. ClubDr. #6
Dave AlternativeEnergy PO Box 339 Redway CA 95560

Engineering
Knowles Jack AnandaPower 14618TylerFootee NevadaCity CA 95959

Technologies Road
Kulik David SunwizeEnergy Systems 1151Flatbrush Road Kingston NY 12401

Jnc.
Kulik David SunwizeEnergy Systems 1151Flatbrush Road Kingston NY 12401

Inc.
Lauzon Pat Northern ArizonaWind 2725 E Lakin Dr #2 Flags@ AZ 86004

& sun
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t Loomans I Len I RemotePower Co., Inc. I 12301North Grant I Denver I CO 80241-3130 I
Street #230

Mahoney Ed Concorde Battery Corp. 2009 San Bernardino West CA 91790
Road CoVim

Padula Jim Solar Electric Specialties P.O. BOX537 Willits, CA 95490

Randall Jeff Direct Water &Power 3455-A Princeton NE Albuquerque NM 87107
Corp. e

Robbins Steven Solar Electric Power Co. PO BOX2165 Palm City FL 34990
Ruhhnann Thomas Johnson Controls, Inc. P.O. Box 591 Milwaukee, WI 53201
Russell Miles Ascension Technology POB 314 Lincoln MA 01773

I Inc. I Center
Sagrillo Mike I LakeMichigan Wind& I 3971BluebirdRd Forestville WI 54213

I \sun I I I
Sams IArthur I Polar Products I 2808 OregonCt.. I Torrance, I CA 90503 I

Bldg. K-4 ‘
Santangelo Renwick East Penn Manufacturing DekaRoad Lyon PA 19536

co. Inc. Station
Shugar Dan NewWorldPower 150Tehania Court SanBruno CA 94066
Simpler Al Simpler Solar Systems, 3118 W. Sharpest. Tallahassee FL 32303

I I Inc. I I I
Slominski I Larry I United Solar Systems I 5278 Eastgate mall I San Diego, I CA 92121

Corp.
Spotts Robert Photoco~ hlC. 7681 East Gray Road Scottsdale AZ 85260
Staler Terry Specialty Concepts, Inc. 8954 Mason Ave. Chatsworth CA 91311
Vanderhoof Sam Trace Engineering 5917-195th N.E. Arlingtom WA 98223

Company
Vechy Stephen GNB 829 Parlmiew Blvd. LombarL IL 60148-3249
Wallace Don U.S. Battery 1675 SampsonAve. Corow CA 91719
Willey Steve BackwoodsCabin 8530Rapid Sandpoint ID 83864

Wilson Bruce Atlantic SolarProducts PO BOX 70060 Baltimore MD 21702
Wise Joe SunAmpPower 1902N. Countrv Mesa AZ 85201

I I ClubDr. #8 - I I
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ABB Power T&D Co., Inc.
Attn: P. Danfors
16250 West Glendale Drive
New Ber@ WI 53151

ABB Power T&D Co., Inc.
Attn H. Weinrich
1100 Cornwall Road
Monmouth Junctio~ NJ 08852

AC Battery Corporation
Attn R. Flemrning
2080 Energy Drive
P.O. BOX325
East Troy, WI 53120

American Electric Power Service Corp.
Attn: C. Shih
1 Riverside Plaza
Columbus, OH 43215

Anchorage Municipal Light &Power
Attn: M. Aslam
1200 East 1SAvenue
Anchorage, AK 99501

Argonne National Laboratories (2)
Attn: W. DeLuca

G. Henriksen
CTD, Building 205
9700 South Cass Avenue
Argonne, IL 60439

Arizona Public Service (2)
Attn R. Hobbs

Herb Hayden
P.O. Box 5399
Phoe~ AZ 85072

Lucent Technologies
Attn K. Bullock
3000 SkylineDrive
Mesquite, TX 75149

AVO International
Attm Gary Markle
510 Township Line Rd.
Blue Bell, PA 19422

Babcock & Wilcox
Attn: Glenn Campbell
P.O. BOX785
I+mchburg, VA 24505



Bechtel California State Air Resources Board
Attn: W. Stolte Attn: J. Holmes

P.O. BOX 193965 Research Division

San Francisco, CA 94119-3965 P.O. BOX2815
Sacramento, CA 95812

Berliner IQ-aftund Licht (BEWAG)
Attn: K. Kramer
Stauffenbergstrasse 26
1000 Berlin 30
GERMANY

Bonneville Power Administration
Attn: J. Ray -
Routing EO
P.O. BOX3621
Portland, OR 97208

Business Management Consulting
Attn: S. Jabbour
24704 Voorhees Drive
LOSAltos Hills, CA 94022

C&D Charter Power Systems, Inc. (2)
Attn: Dr. Sudhan S. Misra
Attn: Dr. L.Holden
Washington & Cherry Sts.
ConshohockeL PA 19428

Calpine Corp.
Attn R. Boucher
50 W. San Fernando, Ste. 550
San Jose, CA 95113

Chugach Electric Associatio~ Inc. (2)
Attn: T. Lovas

J. Cooley
P.O. BOX196300
Anchorage, AK 99519-6300

Consolidated Edison (2)
Attn: M. Lebow

N. Tai
4 Irving Place
New York NY 10003

Corn Belt Electric Cooperative
Attn: R. Stack
P.O. Box 816
BIoom@toL IL 61702



Delphi Energy and Engine
Management Systems (2)
Attn: J. Michael Hinga

R. Rider
P.O. BOX502650
Indianapolis, IN 46250

International Energy Systems, Ltd.
Attn: G. Barker
Chester High Road
Nester South-Wirral
Nestor, South Wmal
L64 UE UK
UNITED KINGDOM

EA Technology, Ltd.
Attm J. Baker
Chester CH1 6ES
Capenhurst, England
UNITED KINGDOM

Eagle-Picher Industries
Attn: J. DeGruson
C & Porter Street
Jop@ MO 64802

Electrosources
Attn: Michael Dodge
P.O. Box 7115
Loveland, CO 80537

East Penn Manufacturing Co., Inc.
Attn M. Stanton
Deka Road
Lyon !lk.atio~PA 19536

Electric Power Research Institute (3)
Attn: S. Chapel

S. Eckroad
R. Schainker

P. O. BOX10412
Palo Alto, CA 94303-0813

Electrochemical Engineering Consultants, Inc.
Attn: P. Syrnons
1295 Kelly Park Cwcle
Morgan Hill, CA 95037

Electrochemical Energy Storage Systems, Inc.
Attn D. Feder
35 Ridgedale Avenue
Madiso~ NJ 07940

Electrosource, Inc.
Attn: B. Jay
3800-B Drossett Drive
Austi~ TX 78744-1131



Eltech Research Corporation Energy Systems Consulting

Attn: Dr. E. Rudd Attn A. Pivec

625 East Street 41 Springbrook Road

Fairport Harbor, OH 44077 Livingsto~ NJ 07039

Energetic, Inc. (4)
Attn J. Badin

H. Lowitt
P. Taylor
L. Charles

7164 Columbia Gateway Drive
Columbi~ MD 21046

Energetic, Inc. (~)
Attn: M. Farber

R. Scheer
501 School St. SW,.Suite 501
Washingto~ DC 20024

Energy and Environmental Economics, Inc.
Attn: Greg J. Ball
353 Sacramento St., Suite 1540
San Francisco, CA 94111

GE Industrial& Power Services
Attn: Bob Zrebiec

640 Freedom Business Center
King of l?russi~ PA 19046

Exxon Research Company
Attn: R. Bearden
P.O. BOX536
1900 East Linden Avenue
Linde& NJ 07036

Firing Circuits, Inc.
AttK J. Mik
P.O. BOX 2007
Norwa.1~ CT 06852-2007

General Electric Company
Attn: N. Miller
Building 2, Room 605
1 River Road
Schenectady, NY 12345

General Electric Drive Systems
Attn: D. Daly
1501 Roanoke Blvd.
Salem VA 24153



Giner, Inc.
Attn: A. LaConti
14 Spring Street
Wahhq MA 02254-9147

Golden Valley Electric Association Inc.
Attn S. Haagensen
BOX71249
758 Illinois Street
Fairbanks, AK 99701

GNB Technologies (3)
Industrial Battery Company
Attn: G. Hunt

J. Szymborski
R. Maresca

Woodlake Corporate Park
829 Parkview Blvd.
Lombard, IL 60148-3249

Kenetech/Wind Power (2)
Attn: Michael Behnke

W. Erdman
6952 Preston Avenue
Lkmnore, CA 94550

Lawrence Berkeley Laboratory (3)
Attn: E. Cairns

K. Kinoshita
F. McLarnon

University of California
One Cyclotron Road
Berkeley, CA 94720

GNB Technologies
World Headquarters
Attn: S. Deshpande’
375 Northridge Road
Atlant~ GA 30350

Hawtil Electric Light Co.
Attn: C. Nagata
P.O. BOX1027
Hilo, HI 96720

lLzRo (3)
Attn: J. Cole

P. Moseley
C. Parker

P.O. BOX12036
Research Triangle Park NC 27709

Imperial Oil Resources, Ltd.
Attn: R. Myers
3535 Research Rd NW
Calgary, Alberta
CANADA T2L 2K8

Innovative Power Sources
Attn: Ken BeKer
1419 Via Jon Jose Road
Alamo, CA 94507



Longitude 122 West J. Meglen
Attn: S. Schoenung P.O. BOX3232
1241 Hobart St. @dctoL VA 22124
Menlo Park CA 94025

Lucas Controls, Inc.
Attn: Donald J. Lucas
10925 Miller Rd., Ste. A
Dallas, TX 75355-1848

National Renewable Energy Laboratory (5)
Attn: R. McConnell

L. Flowers
J. Green
S. Hock
R. DeBlasio

1617 Cole Blvd.
Golde~ CO 80401-3393

New York Power Authority
Attn: B. Chezar
1633 Broadway
New York NY 10019

Northern States Power
Attn: D. Zum
414 Nicollet Mall
Minneapolis, MN 55401

Metlakatla Power& Light
Attn: H. Achenbach
P.O. Box 359
Metlakatl~ AK 99926

Micron Corporation
Attn: D. Nowack
158 Orchard Lane
Winchester, TN 37398

ZBB, LTD.
Attn: Robert J. Parry
P.O. Box 1410, West Perth
Western Australia 6872

Oglethorpe Power Company
Attn: C. Ward
2100 E. Exchange Place
P.O. Box 1349
Tucker, GA 30085-1349



NPA Technology
Attn Jack Brown
Suite 700, Two University Place
Durh~ NC 27707

Oak Ridge National Laboratory (3)
Attn B. Hawsey, Bldg. 3025, MS-6040

J. Stoval>Bldg. 3147, MS-6070
J. VanCoevering, Bldg. 3147, MS-6070

P.O. BOX2008
Oak Ridge, TN 37831

PEPCO
Attn John Young
1900 Pennsylvania NW, Room 842
Washingto% DC 20068

Power Engineers, Inc. (2)
AttIx Timothy Ostermeter

S. Sostrom
P.O. Box 1066
Hailey, ID 83333

Power Technologies, Inc.
Attn: P. Prabhakara
1482 Erie Blvd.
P.O. Box 1058
Schenectady, NY 12301

Omnion Power Engineering Corporation
Attn: H. Meyer
2010 Energy Drive
P.O. BOX879
East Troy, WI 53120

Orion Energy Corp.
Attn: Doug Danley
18131 Metz Dr.
Germanto~ MD 20874

Endecon Engineering
Attn: Rick Winter
Research Engineer
3160 Crow Canyon Rd., Suite 240
San Rarno~ CA 94583

Pacific Gas & Electric
Attn B. Norris
2303 Camino Ramo~ Suite 200
San RtllllO~ CA 94583

Pacific Northwest Laboratory (2)
Attn J. DeSteese, K5-02

D. Brown
Battelle Blvd.
Richhmd, WA 99352

—



Power Technologies, Inc. Puerto Rico Electric Power Authority

Attn: H. Clark Attn: W. Torres

775 Sunrise Ave. G.P.O. BOX4267

Suite 210 San Ju~ Puerto Rico 00936-426

Roseville, CA 95661

Powercell Corporation
Attn: Reznor I. Orr
One Memorial Drive
Cambridge, MA 02142

Public Utility Commission of Texas
Attn: D. Jaussaud
7800 Shoal Creek Blvd.
Austi~ TX 78757

RMS Company
Attn: K. Ferris
87 Martling Ave.
Pleasantville, NY 10570

Robicon Corporation
Attn: A. Maruschak
100 Sagomore Hill Road
Pittsbur~ PA 15239

Raytheon Engineers and Constructors
Attn: A. Randall
700 South Ash St.
P.O. BOX5888
Denver, CO 80217

R&D Associates
Attn: J. Thompson
2100 Washington Blvd.
Arlingtoq VA 22204-5706

Sentech IIIC.(3)
Attn: R. Sen

S. Swaminathan
K. Klunder

4733 Bethesda Avenue, Suite 608
Bethesd~ MD 20814

Sentech Inc.
Attn: Robert Reeves
9 Eaton Road
Troy, NY 12180



Sacramento Municipal Utility District
Attn: Robert P. Wichert
P.O. BOX15830
Sacramento, CA 95817

SAFT Research& Dev. Ctr.
Attn Guy Chignon
107 Beaver Court
Cockeysville, MD 21030

Salt River Project (2)
Attn: H. Lundstrom

G.E. “Ernie” Palomino, P.E.
MS PAB 357>BOX52025
Phoer@ AZ 85072-2025

State of Alaska
Dept. of Community& Regional AfMrs
Attn: Afkal H. Khan
333 W. 4th Avenue, Suite 220
Anchorage, AK 99501-2341

Soft Switching Technologies
Attn: D. Divan
2224 Evergreen Rd., Ste. 6
Middletou WI 53562

Santa Clara University
Attm Charles Feinste@ Ph.D.
Department of Decision and Information Sciences
Leavey School of Business and Administration
Santa C1arZ CA 95053

SEIA (2)
Attn S. Sklar

Clay Aldrich
122 C Street NW
46 Floor
Washingto~ DC 20001-2104

SRI International
Attn: C. Seitz
333 Ravenswood Ave.
Menlo Parlq CA 94025

Stored Energy Engineering
Attn: George Zink
7601 E 88ti Place
Indianapolis, IN 46256

Stuart Kurit.i@
347 Madison Avenue
New York NY 10017



Solarex Superconductivity, Inc. (2)
Attn: G. Braun Attn: JenndierBilhnan
630 Solarex Court Michael Gravely
Frederick MD 21701 P.O. BOX56074

Madison WI 53705-4374

Southern California Edison (3)
Attn: R. N. Schweinberg

J. Leeper
N. Pinsky

6070 N. Irwindale Ave., Suite I
Irwindale, CA 91702

Southern Company Services (3)
Attn: B. Rauhe

K. Vakhshoozadeh
K. Chakravarthi

800 Shades Creek Parkway
Birminghq AL 35209

U.S. Department of Energy
Attn: A. Landgrebe
Office of Transportation Technologies
EE-32 FORSTL
Washington DC 20585

U.S. Department of Energy
Attn: R. Brewer
Office of Energy Management
EE-12 FORSTL
Washington DC 20585

Switch Technologies
Attn: J. Hurwitch
4733 Bethesda Ave., Ste. 608
Bethesd~ MD 20814

U.S. Department of Energy
Attn: P. Patil
Office of Transportation Technologies
EE-32 FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn: T. Duong
Office of Transportation Technologies
EE-32 FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn: J. Daley
Office of Energy Management
EE-12 FORSTL
Washingto~ DC 20585



U.S. Department of Energy
Attn: N. Rossmeissl
Office of Energy Management
EE-12 FORSTL
Washington DC 20585

U.S. Department of Energy
AttK J. P. Archibald
EE FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn: M. B. Ginsberg
EE FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn.: G. Buckingham
Albuquerque Operations Office
Energy Technologies Divisio~ P.O. Box 5400
Albuquerque, NM 87115

TU Electric
R&D Programs
Attn: James Fangue
1601 Bryan St., Rm 19030
Dallas, TX 75201

U.S. Department of Energy
Attn: A. Jelacic
Office of Energy Management
EE-12 FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn A. G. Crawley
EE FORSTL
Washington DC 20585

U.S. Department of Energy
Attn: P. N. Overholt
EE-141 FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn: D. A. Sanchez
Kirtland Area Office
P. O. Box 5400
Albuquerque, NM 87185-5400

U.S. Department of Energy
Attn.: D. Eckelkamp-Baker
Albuquerque Operations Office
Energy Technologies Divisio~ P.O. Box 5400
Albuquerque, NM 87115



University of Missouri - Rolls Virginia Power
Attn: M. Anderson Attn: Gary Vemo
112 Electrical Engineering Building Innsbrook Technical Center
Roll% MO 65401--0249 5000 Dominion Boulevard

Glen Elle~ VA 23233

U.S. Department of Energy
Attn: R. Eynon
Nuclear and Electrical Analysis Branch
EI-821 FORSTL
Washington DC 20585

U.S. Department of Energy
Attn: A. HofEnan
Office of Utility Technologies
EE-10 FORSTL
Washingto~ DC 20585

U.S. Department of Energy
Attn: R. Eaton III
Golden Field Office
1617 Cole Blvd.
Building 17
GoldeL CO 80401

U.S. Department of Ener~
Attn: C. Platt
Office of Energy Management
EE-12 FORSTL
Washingto~ DC 20585

Walt Disney World Design and Eng’g.
Attn: Randy Bevin
P.O. Box 10,000
Lake Buena VistZ FL 32830-1000

R. Weaver
777 Wildwood Lane

Palo Alto, CA 94303

Yuasa-Exide Inc. (3)
Attn: N. Magnani

F. Tarantino
G. Cook

2400 Bemville Road
Reading, PA 19605

The Technology Group Inc.
Attn: Tom Anyos
63 Linden Ave.
Atherto~ CA 94027-2161



Westinghouse
Attn Tom Matty
P.O. BOX17230
Baltimore, MD 21023

Westinghouse STC
Attn.: H. Saunders
1310 Beulah Road
Pittsburg~PA 15235

W. R. Grace & Company
Attn.: S. Strzempko
62 Whittemore Avenue
Cambridge, MA 02140

Yuasa-Exide Inc.
Attn W. Baumann
32 Allen Lane
Mt. KiSCO,~ 10549

Crescent EMC
Attn: R. B. Sloan
Executive Vice President
P.O. BOX1831
Statesville, NC 28687

Zaininger Engineering Co., Inc.
Attn.: H. Zaininger
1590 Oakland Road, Suite B2111
San Jose, CA 95131

ZBB Battery Technologies, Inc.
Attn P. Eidler
11607 West Dearborn
Wauwatos~ WI 53226-3961

Public Utility Commission of Texas
Attn: Danielle Jaussaud
Competitive Issues Division
7800 Shoal Creek Boulevard
Aust~ TX 78757

ECG Consulting Group Inc.
Attn: Daniel R. Bruck
Senior Associate
55-6 Woodlake Road
Albany, NY 12203



HL&P Ener~ Services The Brattle Group
Attn: George H. Noliq CE~ P.E. Attn: Thomas J. Jenkin
Product Manager Premium Power Services 44 Brattle Street
P.O. Box 4300 Cambridge, MA 02138-3736
Housto~ TX 77210-4300

UFTO
Attn: Edward Beardsworth
951 Lincoln Ave.
Palo Alto CA 94301-3041

Distributed Utilities Associates
Attn: Joseph Ianucci
3470 Crow Canyon Suite 140
San Ra.mO&CA 94583

SAFT America Inc.
Attn: Ole Vigerstol
National Sales Manager
’711Industrial Blvd.
Valdost~ GA 13601

American Superconductor Corporation
Attn: S. Amanda Chiu, P.E.
Manager, Strategic Marketing
Two Technology Drive
Westboroug~ MA 01581

Exide Electronics
Attn: John Breckenridge
Director, Federal Systems Division
8609 Six Forks Road
Raleig~ NC 27615

Northern States Power Company
Attn: Gary G. Kq P.E.
Consultant Electric Services
1518 Chestnut Avenue North
Minneapolis, MN 55403

Frost & Sullivan (2)
Attn: Steven Kra.ft

Dave Coleman
2525 Charleston Road
Mountain View, CA 94043

C&D Powercom
Attn: Larry S. Meisner
Manager Product Marketing
1400 Union Meeting Road
P.O. Box 3053
Blue Bell, PA 19422-0858



University of Texas at Austin
Attn: John H. Price
Research Associate
Center for Electromechanics
J. J. Pickel Research Campus
Mail Code R7000
Aust~ TX 78712

U.S. Department of Energy
Attn: J. E. Rannels
Photovoltaic Division
EE-131 FORSTL
Washington DC 20585
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